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DIVISION  I 

THE  NORMAL  CHILD 

I.     INTRODUCTION 

Pediatrics  is  a  branch  of  medicine  the  importance  of  which  as  a 
special  study  has  gradually  come  to  be  more  and  more  generally 
recognized.  It  has  become  a  specialty,  partly  from  the  same  causes 
which  have  led  to  the  great  increase  in  specialization  in  all  branches 
of  medicine,  but  more  particularly  because  of  the  great  number  of 
peculiarities  inherent  in  the  manifestations  of  disease  in  early  life. 
From  the  very  beginning,  the  diagnosis  and  treatment  of  disease 
in  infants  and  young  children  is  attended  by  difficulties  not  encoun- 
tered with  adult  patients.  These  young  patients  can  give  no  ade- 
quate description  of  their  subjective  symptoms,  and  the  physician 
must  rely  on  intimate  and  profound  knowledge  of  the  ways  of  young 
children,  which  can  only  be  gained  by  long  observation,  if  he  will 
read  aright  the  manifestations  before  him.  Moreover,  the  most 
thorough  knowledge  of  normal  and  abnormal  conditions,  if  gained 
wholly  from  observation  of  adult  patients,  is  of  little  value  in  chil- 
dren, because  of  the  difference  in  the  normal  standard.  Not  only 
are  ail  the  standards  by  which  deviations  from  the  normal  are  recog- 
nized different  from  those  of  adults,  but  there  is  a  different  standard 
for  each  age.  Manifestations  which  are  normal  at  one  age,  are 
abnormal  at  another,  and  even  the  anatomic  lesions  of  disease  are 
seen  to  be  modified  in  the  various  stages  of  the  child's  development. 
Young  human  beings  must  be  regarded,  throughout  their  early  life, 
as  incomplete.  Growth  is  not  merely  increase  in  size,  but  it  is  a 
continuous  process  of  anatomical  and  functional  development,  which 
is  not  completed  until  some  time  after  the  age  of  puberty.  In  early 
life,  arrest,  or  retardation  of  the  process  of  normal  development 
may  in  itself  constitute  a  disease  picture;  developmental  conditions 
form  an  important  division  in  the  etiology  of  disease  in  childhood 
but  play  no  part  after  adult  life  is  reached. 

The  incompleteness  of  the  child's  development  plays  a  still  greater 
r61e  in  those  actual  diseases  which  are  produced  by  conditions  out- 
side the  body.  It  may  be  true  that  the  same  diseased  conditions 
are  seen  in  childhood  and  in  adult  life.  But  their  manifestations  are 
greatly  modified  by  the  incompleteness  of  the  child's  development, 
and  often  vary  even  with  the  different  ages  of  childhood.    Even  the 
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reaction  to  treatment  differs  in  the  different  stages  of  development. 
The  rules  laid  down  for  the  diagnosis  and  treatment  of  these  diseases 
common  both  to  childhood  and  to  adult  life,  if  gained  by  a  study 
of  adults,  cannot  hold  for  children. 

There  is  further  need  for  special  study  and  training  in  pediatrics. 
Children,  in  addition  to  being  liable  to  most  of  the  diseases  seen  in 
adults,  have  also  a  group  of  diseases  which  are  entirely  their  own. 
Here  again,  the  fundamental  cause  lies  in  their  uncompleted  develop- 
ment, through  which  conditions  acting  upon  their  bodies  from  the 
outside  world,  which  can  have  no  injurious  effect  upon  the  com- 
pleted adult,  have  a  very  injurious  effect  upon  the  young,  unde- 
veloped child.  These  young  human  beings,  at  each  stage  of  devel- 
opment, have  their  own  peculiarities  of  resistance  or  lack  of  resbt- 
ance  to  these  conditions.  Their  treatment  must  be  modified  at  all 
times,  to  correspond  to  their  age,  and  stage  of  development.  The 
high  rate  of  infant  mortality  is  still  one  of  the  greatest  problems  of 
medicine.  It  is  due  primarily  to  no  other  cause  than  the  lack  of 
resistance  to  the  conditions  of  its  surroundings  which  exists  in  the 
undeveloped  infant.  Its  existence  is  alone  sufficient  to  point  to 
the  need  for  a  special  study  of  the  pathology  of  early  life. 

The  fundamental  requisite  in  recognizing  the  abnormal,  is  a 
thorough  knowledge  of  the  normal.  In  pediatrics,  a  thorough  un- 
derstanding of  normal  conditions  at  every  stage  of  development  is 
essential.  The  distinction  between  infancy  and  childhood  is  neither 
so  artificial  nor  so  arbitrary  as  it  seems  at  first.  At  about  the  age 
of  two  years,  certain  very  important  processes  of  anatomical  and 
functional  development  become  completed.  The  incompleteness  of 
these  functions  in  the  first  two  years  has  been  an  important  source 
of  difficidty,  and  a  cause  of  abnormality,  which  later  are  no  longer 
seen.  Hence  we  refer  to  the  first  two  years  as  infancy,  and  to  the 
later  years  as  childhood.  The  disUnctive  line  between  childhood  and 
adult  life  is  much  harder  to  draw.  It  is  difficult  to  say  at  just  what 
age  normal  development  is  finally  completed,  but  the  period  is  arbi- 
trarily placed  at  the  age  of  puberty.  From  birth  to  the  age  of 
puberty,  then,  is  the  period  through  which  the  development  of  the 
normal  child  must  be  studied. 
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THE  EAR. — The  meatus  passing  inward,  inclines  downward,  and 
the  membranum  tympani  is  almost  horizontal,  so  that  its  inspection 
is  difficult. 

THORAX. — The  thorax  presents  a  very  different  appearance  from 
that  of  the  adult.  It  is  much  smaller  in  proportion  to  the  head 
and  abdomen,  forming  the  upper  and  smaller  portion  of  the  egg- 
shaped  trunk.  Its  whole  shape  presents  a  peculiar  appearance, 
which  is  accentuated  by  the  small  shoulders.  The  sternum  is  rela- 
tively much  smaller  than  that  of  the  adult  male,  and  its  top  is  placed 
relatively  higher,  while  the  sides  of  the  thorax  are  relatively  shorter 
than  in  the  adult.  The  ribs  are  more  nearly  horizontal,  and  their 
borders  diverge  relatively  rapidly.  The  transverse  diameter  is 
shorter  in  proportion  to  the  antero-posterior, 

THYMUS. — The  thymus  is  present  and  well  developed  at  birth, 
but  its  outline  cannot  be  clearly  distinguished  by  percussion. 

HEART. — The  impulse  is  visible  and  palpable  rather  higher  and 
nearer  to  the  mammary  line  in  the  infant  than  in  the  adult.  The 
entire  position  of  the  cardiac  dulness  is  higher  in  proportion  to  the 
chest  walls.  The  infant's  heart  is  less  covered  by  the  lungs  than 
is  the  adult's.  The  superficial  dulness  lies  between  the  left  border 
of  the  sternum  and  the  mammary  line,  and  the  entire  area  can  easily 
be  covered  by  the  tip  of  the  finger  used  in  percussing.  The  upper 
border,  and  the  relative  dulness  are  difficult  to  determine.  The 
heart  sounds  are  still  largely  of  the  fetal  type,  the  diastolic  pause 
being  absent,  and  the  first  sound  being  much  like  the  second.  The 
rhythm  is  regular.  Murmurs  are  frequently  present  at  birth,  with- 
out any  abnormal  significance;  only  their  persistence  should  attract 
attention. 

LUNGS.^The  lungs  are  resonant  to  percussion,  but  at  birth  the 
resonance  is  less  than  in  later  life.  The  respiratory  murmur  is  loud 
and  harsh. 

ABDOMEN. — The  abdomen  is  large  in  proportion  to  the  thorax. 
Its  physical  examination  differs  from  that  of  the  normal  adult  only 
in  one  important  particular,  namely,  in  the  relatively  large  size  of 
the  liver.  Its  border  is  felt  fully  2  cm.  below  the  edge  of  the  ribs 
in  the  right  epigastric  and  hypochondriac  regions,  and  its  upper 
border  of  dulness  encroaches  on  the  resonance  of  the  right  lung  to 
the  extent  of  fully  one  rib  and  interspace.  The  dull  area  of  the 
spleen  is  rarely  perceptible,  but  when  found  corresponds  to  that 
of  the  adult.  The  border  is  not  normally  palpable.  The  bladder 
is  an  abdominal  rather  than  a  pelvic  organ,  but  normally  gives  no 
dulness  in  a  newborn  infant. 
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TESTICLES.— The  testicles  are  normally  found  in  the  scrotum. 

LIMBS.— The  limbs  are  well  formed,  and  present  no  features  of 
particular  note  in  newborn  Infants.  The  grasp  of  the  hands  is  re- 
markably strong.  The  feet  appear  flat,  but  this  apparent  datness 
is  due  to  a  pad  of  fat  tissue,  and  not  to  any  flattening  of  the  arch. 

HEIGHT  AND  WEIGHT.— The  height  and  weight  are  variable. 
The  average  height  of  a  newborn  male  infant  is  49.5  cm.  (ipj  in.); 
in  the  female  it  is  48.5  cm.  {ig\  in.).  The  weight  is  still  more 
variable  than  the  height.  The  average  weight  for  males  is  about 
3,520  grammes  (7J  pounds),  and  for  females  is  about  3,390  grammes 
(7I  pounds). 

THE  SPECIAL  SENSES.— Although  at  birth  the  eye  is  anatom- 
ically perfect,  visual  perception  is  not  developed.  Hearing  appears 
dull  during  the  first  few  days  of  life.  The  sense  of  touch  is  well 
developed.  No  satisfactory  conclusions  can  be  drawn  as  to  taste 
and  smell, 

The  newborn  infant  passes  very  little  urine.  He  does  not  usually 
perspire.  He  cannot  cry  tears.  He  can  have  a  movement  of  the 
bowels,  which  consists  of  meconium.  Meconium  is  inodorous,  viscid, 
slightly  acid,  and  of  a  brownish-black  color.  It  consists  of  bile 
constituents  and  intestinal  secretions,  and  contains  mucus,  epithelium, 
and  fat  drops  from  the  vernix  caseosa.    At  birth,  it  is  sterile. 


INTERNAL  STRUCTURE 

Among  the  features  in  the  anatomy  of  the  newborn  infant  which 
cannot  be  perceived  by  ordinary  physical  examination,  only  those 
will  be  described  which  present  essential  differences  from  those  of 
adults. 

BliAIN. — The  brain  of  the  newborn  infant  is  proportionately  very 
much  larger  than  in  the  adult. 

THE  NASO-PHARYNX.— The  nasal  cavity  is  relatively  long  and 
shallow,  and  its  respiratory  portion  is  very  narrow.  The  opening 
of  the  posterior  nares  is  relatively  very  small.  The  naso-pharynx 
is  simply  a  narrow  passage  running  obliquely  backward  and  down- 
ward from  the  constricted  opening  of  the  posterior  nares.  The  lym- 
phoid tissue  on  the  posterior  wall  of  the  pharynx  is  well  developed, 
and  much  richer  in  absorbents  than  are  the  faucial  tonsils.  The 
openings  of  the  Eustachian  tubes  are  opposite  a  higher  part  of  the 
nose  than  in  the  adult,  although  their  direction  is  more  horizontal. 
The  ends  of  their  cartilages,  which  make  such  prominent  folds  in 
the  adult,  are  not  developed,  so  that  these  prominences  do  not  exist. 
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THE  INTESTINE.— The  chief  peculiarity  of  the  intes 
bora  infants,  is  that  it  is  much  less  fixed  than  in  adull 
difference  is  most  striking  in  the  large  intestine,  particu 
cecum,  ascending  colon,  and  sigmoid  flexure,  which  s 
siderable  mesentery.  The  average  length  of  the  small 
287  cm.  (9  ft.  5  in.) ;  of  the  large  intestine  it  is  56  cm.  (] 
The  total  variation  may  amount  to  61  cm.  (2  ft.). 

LYMPHATIC  SYSTEM.— The  lymphatic  system  is 
oped  and  active  at  birth. 

BONE  MARROW.— At  birth,  and  indeed,  throughoi 
months  of  life,  the  bone  marrow  is  red.  The  red  color  i 
the  numerous  injected  blood  vessels,  and  is  more  intense 
central  portion  of  the  bones. 


III.    NORMAL  DEVELOPMENT 

In  following  the  normal  development  of  the  baby  through  the 
periods  of  infancy  and  childhood,  those  changes  will  be  considered 
first  which  appear  on  physical  examination.  In  a  second  division 
will  be  considered  the  development  of  internal  structure, 

NORMAL  DEVELOPMENT  AS  SEEN  ON  PHYSICAL 
EXAMINATION 

THE  CORD.— By  a  process  of  disintegration  the  cord  separates 
from  the  living  tissues  at  the  umbilicus,  and  falls  off.  This  occurs 
at  about  the  seventh  or  eighth  day.  The  umbilical  scar  normally 
is  always  depressed. 

THE  SPINE.— The  flexibility  of  the  spine  gradually  becomes  less 
as  the  infant  grows  older,  although  it  always  remains  greater  than 
that  of  the  adult  spine.  There  are  at  birth  no  natural  curves  in  the 
spine  except  the  sacral  curve.  As  the  dorsal  curve  is  a  permanent 
condition,  part  of  the  general  curve  of  the  body,  it  is  the  develop- 
ment of  the  cervical  and  lumbar  curves  which  are  of  interest  from 
the  point  of  view  of  development.  The  cervical  curve  is  produced 
by  the  pull  of  the  muscles  of  the  back  of  the  neck,  when  the  child 
begins  to  raise  its  head.  The  child  usually  begins  to  hold  up  its 
head,  only  the  trunk  being  supported,  during  the  fourth  month. 
The  cervical  curve  begins  to  appear  at  about  this  period,  but  is 
never  more  than  a  habitual  position,  as  the  convexity  of  the  front 
of  the  neck  can  always  be  obliterated  by  changing  the  position  of 
the  head.  The  lumbar  curve  is  supposed  to  be  caused  by  the  short- 
ness of  the  ilio-femoral  ligaments.  When  the  child  begins  to  stand, 
these  ligaments  tend  to  incline  the  body  forward,  and  this  tendency 
is  corrected  by  the  contractions  of  the  muscles  of  the  back,  which 
straighten  the  line  of  the  body  by  throwing  forward  the  promon- 
tory of  the  sacrum.  The  lumbar  curve  is  first  observed  when  the 
child  is  one  or  two  years  old,  but  it  is  not  continually  present  till 
some  time  later,  and  it  can  be  obliterated  until  adult  life  is  reached. 

The  surface  anatomy  of  the  spine  in  infancy  and  childhood  pre- 
sents marked  differences  from  that  of  adults.  In  the  infant,  the 
back  is  rounded  from  side  to  side,  the  spine  being  the  center  of  a 
more  or  less  continuous  curve.  The  spinous  processes  are  relatively 
undeveloped,  and  the  laminae  overlap  less,  look  more  directly  back- 
ward, and  are  nearer  the  surface.  At  three  years  of  age  the  spine 
shows  a  great  change  which  has  been  coming  on  since  the  age  of 
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gradually  grows  less.  The  downward  growth  of  the  face  is  one  of 
the  important  features  of  development.  The  table  shows  the  pro- 
portions of  the  face  to  the  cranimn  in  the  different  periods  of 
childhood. 

Table  i 


FroportioHS  of  Fact  to  Craniam 


LCE      CKANimi 


A 


THE  TEETH.— At  birth,  the  twenty  embryo  teeth,  enveloped  in 
their  tooth-sacs,  are  so  enclosed  in  the  alveolar  processes  of  the  jaws, 
that  nothing  but  smooth  mucus  membrane  is  apparent  on  the  gums 
above.  When  calcification  of  the  neck  of  the  tooth  begins,  elon- 
gation of  the  tooth  follows,  and  the  tooth  is  so  enclosed  that  growth 
can  only  occur  toward  the  gum,  which  forms  the  point  of  least 
resistance.  This  growth  probably  begins  at  birth.  Pressure  of  the 
crown  of  the  tooth  causes  atrophy  of  the  gum,  and  finally  the  tooth 
pierces  the  mucus  membrane.  The  various  teeth  appear  at  times 
dependent  upon  their  order  of  development,  which  is  fairly 
regular  in  a  normal  infant,  although  variations  in  the  order  and 
time  of .  appearance  of  the  teeth  are  so  common,  that  they  cannot 
be  called  abnormal.  The  first  teeth  usually  appear  from  the  sixth 
to  the  eighth  month.  Eariy  appearance  of  the  teeth  is  never  a 
sign  of  disease,  and  children  have  been  bom  with  teeth.  Delayed 
dentition  is  usually  due  to  rachitis,  but  is  seen  in  other  conditions, 


Five  periods  of  development  in  the  first  dentition 
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such  as  cretinism,  and  defective  cerebral  deve 
healthy  infants,  no  teeth  are  seen  before  the  tec 
tition  may  even  be  delayed  until  the  fourtee: 
other  evidences  of  any  abnormality.  The  ordi 
the  teeth  is  shown  in  the  table. 

Tables 
Ttmporary  Ttelh.    First  DentUion.    Twenty  i 

DENTAI.  PERIODS  I 

I.      6  to   S  months i  mid 

n.      8  to  10  months 4  upp 

III.  13  to  14  months t  ktej 

4&TSt 

IV.  18  to  ao  months 4  cani 

V.    aS  to  31  months 4  seca 


The  second  dentition  begins  at  about  the  su 
of  the  permanent  teeth  to  appear  are  called  th 
Tliey  do  not  replace  any  of  the  temporary  teeth, 
grown  sufBciently  to  provide  more  space,  they 
the  second  molars  of  the  first  set.  In  the  seven 
the  permanent  incisors  replace  those  of  the  tern 
ninth  and  tenth  years  the  bicuspids  replace  the 
In  the  eleventh  year  the  permanent  cuspids  (< 
temporary,  and  in  the  twelfth  year  the  four  sec 
This  completes  the  second  dentition  of  childhood, 
the  remaining  four  molars  belonging  to  adult  life 

Table  4 
Permanera  Teeth.    Second  Dentition,     Tkirty-tvo 
VEASS 

6 4  first  mo 

7 4  middle  i 

8 4latet&li 

9 4  first  bic 

17  to  as 4  third  m 


The  Normal  Child 
Fig.  3 


Eight  periods  of  development  in  the  second  dentition 

THE  THORAX.— The  thorax,  which  is  insignificant  at  birth, 
grows  rapidly.  The  measurements  showing  the  rate  of  increase  ia 
the  circumference  of  the  thorax  are  seen  in  the  table.  The  circum- 
ference of  the  thorax  normally  remains  less  or  equal  to  that  of  the 
head  throughout  infancy.  Not  until  the  third  year  does  the  thorax 
begin  to  show  a  measurement  greater  than  that  of  the  head.  With 
the  growth  in  circumference,  there  occurs  increase  in  the  transverse 
diameter  as  compared  with  the  antero-posterior,  so  that  the  thorax 
gradually  assumes  the  elliptical  shape  which  is  characteristic  of  later 
childhood.  At  the  same  time,  the  peculiarities  in  the  shape  of  the 
thorax  which  are  so  notable  at  birth,  disappear,  and  at  about  the 
fifth  year  the  infantile  type  of  thorax  is  no  longer  evident. 

THE  THYMUS. — The  thymus  is  most  developed  during  the  first 
two  years  of  life.     At  no  time,  however,  unless  the  organ  is  notably 
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enlarged,  can  its  dulness  be  distinguished  from  that  of  the  heart 
and  great  vessels. 

THE  HEART .^Most  of  the  changes  in  the  position  of  the  cardiac 
impulse,  and  of  the  precordial  dulness,  which  have  been  described 
as  taking  place  during  the  development  of  the  infant,  are  relative, 
and  are  due  to  peculiarities  of  the  topography  of  the  chest  wall, 
rather  than  to  changes  in  the  position  of  the  heart.    That  the  car- 
diac impulse  in  infancy  and  early  childhood  is  almost  invariably 
found  not  in  the  fifth,  but  in  the  fourth  interspace,  is  due  to  this 
cause.    In  early  childhood  the  impulse  may  be  found  in  either  the 
fourth  or  the  fifth  interspaces,  while  in  later  childhood  it  is  usually 
in  the  fifth.    The  relation  of  the  impulse  to  the  nipple  presents 
similar  variations.     In  infancy  and  early  childhood  it  is  usually 
outside  the  mammary  line,  and  cannot  be  considered  abnormal  if 
less  than  2  cm.  beyond  the  nipple.    In  middle  childhood,  the  im- 
pulse is  in  or  near  the  mammary  line.    In  later  childhood  it  is  more 
often  seen  inside  the  nipple,  and  should  always  be  found  in  this 
position  after  the  thirteenth  year. 

An  important  feature  in  the  physical  examination  of  the  heart 
is  seen  in  the  position  of  the  area  of  superficial  or  absolute  cardiac 
dulness  to  percussion.  In  infancy  and  the  latter  part  of  childhood, 
the  right  border  of  absolute  dulness  is,  as  in  the  adult,  at  the  left 
border  of  the  sternum.  In  middle  childhood  it  may  encroach  a  little 
on  the  sternum,  even  as  far  as  its  middle.  The  relative  or  deep 
cardiac  dulness  is  difficult  to  determine  in  young  children.  When 
found  it  is  proportionately  larger  than  in  the  adult.  Its  upper 
border  is  at  the  second  interspace,  or  lower  border  of  the  second 
costal  cartilage.  On  the  left  it  extends  to  near  the  mammary  line, 
corresponding  to  the  position  of  the  impulse  at  the  various  ages. 
On  the  right  it  follows  the  right  parasternal  line. 

On  auscultation,  the  diastolic  pause  remains  slight  or  impercept- 
ible throughout  infancy,  and  the  rapidity  of  the  cardiac  action  is 
so  great,  that  it  is  often  difficult  to  distinguish  the  first  from  the 
second  heart  sound.  Normally,  however,  after  the  first  weeks  of 
life,  the  first  sound  becomes  louder  than  the  second,  and  the  cardiac 
cycle  can  be  recognized  from  this.  Murmurs  persisting  after  the 
first  week  of  life,  are  abnormal. 

THE  LUNGS. — The  percussion  note  in  childhood  is  more  tym- 
panitic than  in  the  adult,  especially  under  the  clavicles,  and  in  the 
interscapular  region  behind.  There  may  even  be  cracked-pot  reso- 
nance under  the  right  clavicle,  in  healthy  lungs.  This  tympany  is 
due  to  the  relatively  large  proportion  of  bronchial  to  alveolar  air 
space,  which  persists  throughout  childhood,  although  in  later  child- 
hood, the  lung  gradually  approaches  the  adult  type.     On  ausculta- 
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tion,  the  nonnal  respiratory  murmur  differs  entirely  from  that  of 
adults.  It  is  of  a  type  generally  described  as  "puerile."  The  breath- 
ing is  rude,  loud,  and  harsh,  and  expiration  is  heard  better  than  in 
adults.  It  is  often  described  as  resembling  the  bronchial  breathing 
of  adults,  but  does  not  resemble  it  except  in  the  terminology  of 
description.  The  difference  cannot  be  described,  being  one  of  quality, 
and  can  only  be  learned  by  experience  and  practice.    It  is  gen- 

FiG.  4 


Normal  infant  seven  moottu  old 

erally  stated  that  this  quahty  of  the  normal  respiratory  murmur  of 
childhood  is  due  to  the  fact  that  the  sounds  from  the  trachea  and 
large  bronchi  are  heard  more  plainly,  because  they  are  not  trans- 
mitted through  so  thick,  a  layer  of  lung  and  chest  wall.  This  expla- 
nation does  not  seem  to  me  at  all  satisfactory.  If  it  were  true,  the 
sounds  would  have  the  quality  of  bronchial  breathing,  for  we  know 
that  in  both  children  and  adults,  we  are  hearing  in  bronchial  breath- 
ing the  sounds  from  the  trachea  and  large  bronchi,  which  are  trans- 
mitted more  easily  through  solidified  lung.  The  normal  respiratory 
murmur  of  children  has  not  the  so-called  bronchial  quality.    I  believe 
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its  loud,  harsh  quality  to  be  due  to  the  greater  size  and  number  of 
the  bronchioles  in  the  child's  lung.  Id  later  childhood,  this  pecu- 
liarity of  the  breathing  gradually  diminishes  with  the  development 
of  a  greater  proportion  of  alveolar  space,  as  the  lung  approaches  the 
adult  type. 

F1G.5 


Normal  development  at  six  years 

THE  ABDOMEN.— Throughout  infancy,  the  circumference  of 
the  abdomen  remains  about  the  same  as  that  of  the  chest.  After 
the  age  of  two  years,  the  enlargement  of  the  chest  causes  the  abdomen 
gradually  to  assume  the  adult  proportion.  The  abdominal  wall^  in 
childhood  are  thinner,  and  more  easily  relaxed,  than  in  the  adult. 

THE  LIVER. — The  liver  remains  relatively  large  in  infancy  and 
early  childhood.  In  the  first  two  years,  the  edge  can  be  easily  felt 
about  2  cm.  below  the  costal  border  in  the  mammary  line.  Later, 
the  distance  becomes  somewhat  less,  but  until  the  later  years  of 
childhood,  the  edge  of  the  Uver  can  still  be  felt  below  the  costal 
border.    Only  in  late  childhood  does  the  liver  no  longer  descend 
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below  the  edge  of  the  ribs  in  the  mammary  line,  but  even  at  this 
period,  owing  to  the  laxness  of  the  abdominal  walls,  the  edge  of  the 
liver  can  sometimes  be  felt  by  pushing  the  palpating  fingers  up  under 
the  ribs. 


Normal  development  at  twelve  years 

THE  SPLEEN. — The  spleen  presents  no  differences  in  size  or 
position  characteristic  of  childhood.  It  may  sometimes  be  felt,  by 
pushing  the  fingers  up  under  the  costal  border,  but  normally  is  never 
felt  below  the  costal  border. 

THE  LIMBS. — The  limbs  in  infancy  are  short  in  proportion  to 
the  trunk.  Holt  has  found,  from  one  hundred  and  fifty  observa- 
tions, that  the  length  of  the  lower  extremities  at  birth  (measuring 
from  the  anterior  superior  spine  of  the  ileum  to  the  sole  of  the  foot), 
is  forty-three  per  cent,  of  the  length  of  the  body;  at  five  years  it  is 
fifty-four  per  cent.,  and  at  sixteen  years,  sixty  per  cent.  The  pad 
of  fat,  which  gives  the  infant  the  appearance  of  flat-foot,  is,  accord- 
ing to  Dane,  designed  to  support  the  arch  of  the  foot  until  the  mus- 
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food.  I  believe  that  taste  is  only  acutely  developed  in  the  case  of 
the  primary  tastes  of  sweet,  sour,  bitter,  and  salt.  The  foods  which 
it  receives  during  the  first  year  show  variations  only  in  these  primary 
tastes.  I  believe  that  the  infant  does  not  perceive  flavors,  and 
that  this  inability  to  detect  variations  other  than  the  simplest  in  the 
laste  of  its  food  persists  through  some  of  the  earUer  years  of  child- 
hood. The  infant  is  very  sensitive  to  the  feeling  of  various  foods  in 
the  mouth,  and  it  is  this  sensibihty  to  the  sensation  of  the  food  which 
is  mistaken  for  a  highly  developed  sense  of  taste.  Yoimg  children 
do  not  usually  object  to  the  taste  of  castor  oil,  unless  it  has  been 
suggested  to  them  that  castor  oil  has  a  bad  taste. 

The  sense  of  smell  has  not  been  conclusively  tested  in  infancy. 
This  sense  is  probably  present,  but  develops  much  more  slowly  than 
the  other  senses.  Fine  distinctions  in  odors  are  not  detected  imtil 
the  late  years  of  childhood. 

SPEECH. — During  the  first  year  of  its  life  the  average  infant 
uses  its  voice  merely  in  crying  to  express  its  discomforts  or  desires. 
At  about  the  end  of  the  first  year  it  usually  begins  to  enunciate 
single  words,  and  in  the  middle,  or  toward  the  end  of  the  second 
year  it  learns  to  form  short  sentences.  From  this  time  on,  the  faculty 
of  talking  progresses  rapidly,  but  children  do  not  usually  learn  to 
talk  coimectedly  till  the  third  or  fourth  year.  There  is  great  varia- 
tion in  the  time  when  the  faculty  of  speech  is  acquired.  Many 
children,  who  understand  perfectly,  make  all  their  wants  known  by 
signs,  and  who  show  no  other  signs  of  delayed  mental  development, 
show  a  delay  of  from  one  to  two  years  in  every  phase  of  the  develop- 
ment of  the  speech  faculty.     Girls  leam  to  talk  earlier  than  boys. 

DEVELOPMENT  OF  OTHER  FUNCTIONS.— The  funcUon  of 
the  lachrymal  glands  does  not  usually  develop  till  the  baby  is  three 
or  four  months  old.  The  time  of  its  development  is  variable.  Babies 
have  been  observed  to  cry  tears  as  early  as  the  first  month. 

The  development  of  the  function  of  the  sweat  glands  is  ako  very 
variable.  It  is  occasionally  seen  developed  at  birth.  Usually,  how- 
ever, perspiration  is  not  seen  till  the  third  to  the  fifth  week. 

The  salivary  secretion  is  developed  rather  slowly  in  early  infancy. 
There  is  not  much  saliva  seen  in  the  infant's  mouth  in  the  first  three 
or  four  months  of  life. 

THE  URINE.— The  function  of  the  kidney  begins  quite  early  in 
fetal  life,  and  the  bladder  has  been  found  to  be  full  of  urine  at 
birth.  The  urine  is  small  in  amount  at  birth,  and  during  the  first 
twenty-four  hours  it  is  not  uncommon  to  find  little  or  none  passed. 
The  urine  which  is  first  passed  is  usually  dark,  cloudy,  and  acid, 
and  contains  epithelial  cells  and  urates  and  occasionally  hyaline 
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casts;  later  it  becomes  clear,  pale,  straw-yellow,  and  usually  of  slightly 
acid  reaction.  Its  specific  gravity  (1.010  at  birth)  falls  in  twoor  three 
days  to  1.003,  ^V  ^^ont  the  hfteenth  day  is  found  to  be  1.006,  and 
rises  from  this  time  steadily  till  puberty.  By  the  end  of  the  first 
week  and  throughout  childhood  the  amount  of  urine  passed  in  twenty- 
four  hours  is  relatively  greater  than  in  adult  life.  This  in  early  in- 
fancy may  be  due  to  the  preponderance  of  liquid  food,  but  is  in 
part  the  result  of  the  infant's  more  active  metabolism,  for  the  urea 
is  also  found  to  be  proportionately  increased.  According  to  Foster, 
the  presence  of  uric  and  oxalic  acid  in  unusual  quantities  is  a  frequent 
characteristic  of  the  urine  of  children.  It  is  also  stated  that  the 
phosphates  are  deficient,  being  retained  in  the  body  for  the  purpose 
of  building  up  the  osseous  system.  The  chlorides,  sulphates  and 
urinary  pigments  are  less  abundant  than  in  the  adult.  The  propor- 
tion of  salts  increases  as  soon  as  a  mixed  diet  is  given  and  closely 
approaches  the  normal  proportion  for  adults.  Indican  is  normally 
absent  in  breast  fed-infants;  in  others  it  is  usually  absent  unless 
there  is  a  disturbance  of  digestion.  The  uric  acid  infarction,  which 
has  been  referred  to,  and  evidences  of  which  may  last  for  two  or 
three  weeks,  consists  of  urate  of  ammonium  (hedgehog  crystals), 
amorphous  urates  mixed  with  uric  acid  crystals,  and  some  epitheUal 
cells.  The  variations  in  the  amount  of  urine  which  has  been  com- 
puted to  be  passed  during  the  early  days  of  infancy  and  childhood 
are  very  great,  as  the  amount  in  all  probabihty  depends  very  largely 
on  the  quantity  of  liquid  ingested,  and  also  upon  the  activity  of  the 
skin  and  boweb. 

The  difficulties  in  accurately  measuring  the.  amount  of  urine  ex- 
creted by  very  young  infants  are  such  that  few  positive  statements 
can  be  made  as  to  the  quantity.  It  is  sufficient  to  say  that  it  is  about 
ninety  cubic  centimeters  (three  ounces)  a  day  for  the  first  few  days, 
and  then  rises  in  amount  very  rapidly, 

Reitz  and  Cruse  state  that  during  the  first  few  days  of  Ufe  the 
urine  contains  more  or  less  albumin,  and  that  this  disappears  at 
about  the  seventh  or  eighth  day,  though  sometimes,  according  to 
Carpenter's  work,  it  may  be  detected  for  several  weeks.  Lesne  and 
Merklen  found  the  freezing  point  at  birth  0°  C,  at  one  month  —0.13" 
to  -0.35°  C,  at  two  months  —0.21°  to  —0.78°  C.  Sugar  is  occa- 
sionally found  in  the  urine  of  healthy  infants  during  the  first  two 
months. 

The  urine  sediment  of  the  young  infant  shows  on  microscopical 
examination,  mucus,  many  epithelial  cells,  crystals  of  uric  acid, 
urates,  and  caldimi  oxalate;  also  amorphous  urates,  occasionally  a 
few  hyaline  casts,  and  rarely  a  granular  cast.  The  urine  of  later 
infancy  and  childhood  has  no  microscopical  peculiarities. 
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Tables 
Pulse-RaU  for  Mains 

ACE  PULSE-BEATS  PEK  HIHnTE 

Eariy  weeks no  to  140 

UdUI  id  year , .  no 

3  to  3  yeaiB 100 

5  to  8  years 90 

After  the  eighth  year  the  pulse  gradually  acquires  the  adult  rate. 

RESPIRATION.—The  rhythm  of  respiration  in  very  young  in- 
fants is  so  easily  affected,  varying  with  every  disturbance,  and  even 
with  changes  of  temperature,  that  a  regular  rate  of  respiration  is 
only  seen  when  the  infant  is  asleep.  At  all  other  times  the  respira- 
tion is  very  irregular  io  rhythm,  even  when  the  child  is  quiet.  It 
may  be  quite  superficial  for  a  few  moments,  and  then  quite  deep. 
There  are  frequent  pauses;  at  times  one  lung  appears  to  be  used 
exclusively  for  a  brief  period.  A  regular  rhythm  is  not  fully  estab- 
lished till  the  child  is  two  years  old.  The  character  of  the  respira- 
tion in  early  infancy  is  wholly  diaphragmatic,  and  remains  simply  , 
diaphragmatic  until  the  sixth  or  seventh  year.  From  this  time  on 
the  costal  element  gradually  becomes  prominent. 

The  rate  of  respiration  is  also  extremely  variable.  At  birth  it  is 
usually  from  35  to  45  per  minute  when  the  child  is  quiet.  Until 
the  third  year  it  varies  from  15  to  40  per  minute,  and  from  three 
to  five  years,  the  rate  is  20  to  25  per  minute. 

Fic.  7 

QUICK  PAUSE  SLOW  QUICK 

Respiration  at  birth  (or  one-fourth  minute.     Awake,  but  quiet 

HEIGHT. — The  average  height  of  the  male  infant  at  term  is, 
according  to  a  large  number  of  measurements  about  49.5  cm.  (rg} 
inches).  Insufficient  nourishment  and  improper  food,  especially  as 
represented  in  rhachitic  children,  seem  to  retard  the  growth,  while 
on  the  contrary,  the  various  fevers  seem  to  increase  the  activity 
of  growth  in  length,  while  decreasing  the  total  weight.  In  the  first 
three  or  four  months  the  growth  is  proportionately  rapid  to  that  in 
the  latter  part  of  the  first  year.  In  like  maimer  the  activity  is  greater 
in  the  first  month  than  in  the  second,  and  in  the  second  than  in  the 
third,  becoming  still  less  in  the  fourth,  fifth  and  sixth  months. 

Table  6 
The  average  increase  for  the  first  month  is  about  4.5  cm.  {ij  in.) 
"         "  ■        B     u   second  month  is  about  3.0  cm.  (li  in.) 

"  "  ■         ■     ■    third  tothefifteenthmonthisabout  I  toi.scm.{J  toiin.) 

"  "  u         B     M    g^j  yg^j  jj  about  30  cm.  (8  in.) 
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TaBL£  6 — CoHtinued 

The  average  iocrease  for  the  second  year  is  about  g  cm.  (j|  in.) 
"  "  HI.     a    (j^jj  yggj.  jg  about  j.^  Ciii .  (j  iii.) 

*  *  a         a     ■    fourth  and  fifth  years  is  about  6.4  cm.  (sj  in.) 

"  '  HUB    yjji  (ij  ^[^^1  yj^j  jj  about  6  cm.  (ij  in.) 

The  height  is  about  doubled  in  the  first  six  years,  and  at  fourteen 
years  the  final  height  has  usually  been  attained  to  within  about  one- 
twetfth.  The  height  at  different  ages  in  comparison  with  the  weight 
will  be  shown  in  table.  8. 

WEIGHT. — The  normal  infant  manifests  its  growth  and  develop- 
ment most  clearly  by  increasing  in  weight.  All  other  signs  of  dis- 
turbance of  normal  development  are  not  at  once  apparent,  but  mani- 
fest themselves  slowly.  Increase  in  weight,  on  the  other  hand,  is 
a  more  or  less  continuous  process  of  development,  any  disturbance 
of  which  manifests  itself  at  once.  Moreover,  this  growth  in  weight 
is,  of  all  the  processes  of  development,  the  one  most  easily  disturbed 
by  all  kinds  of  adverse  influences,  and  therefore  is  the  most  valuable 
and  delicate  index  of  health  which  we  have.  Of  all  the  data  which 
guide  the  physician  in  the  care  of  infants,  the  records  of  the  weights 
taken  from  time  to  time  are  the  most  important.  The  physician  in 
the  wards  of  an  infants'  hospital  looks  first  at  the  weight  curves 
depicted  on  the  charts.  In  older  children,  the  weight  records  are 
less  important  than  in  the  first  two  years  of  life,  but  nevertheless 
afford  valuable  data  throughout  the  period  of  growth. 

The  weight  of  the  newborn  infant  is  very  variable,  and  can  only 
be  expressed  by  an  average.  It  must  be  remembered  that  wherever 
any  figure  representing  the  normal  is  based  on  the  method  of  averag- 
ing normal  variations,  a  deviation  from  the  normal  figure  in  an  indi- 
vidual case  does  not  of  itself  constitute  an  abnormality.  The  limits 
of  weight  variation  of  full  term  infants  at  birth  are  not  definitely 
known,  but  a  birth  weight  of  six  pounds  or  over  should  be  considered 
within  normal  limits;  a  birth  weight  of  under  six  pounds  is  strongly 
suggestive  of  impaired  vitality.  The  average  birth  weight  for  males 
is  75  pounds;  for  females  it  is  yj  pounds. 

During  the  first  three  or  four  days  of  life  there  is  a  loss  of  weight, 
which  is  usually  designated  as  physiological.  This  initial  loss  of 
weight  often  amounts  to  9  or  lo  ounces.  Not  all  of  it  is  strictly 
physiological,  but  only  that  part  of  It,  amounting  to  4  or  5  ounces, 
which  can  be  accounted  for  by  the  passage  of  meconium.  The 
additional  loss  is  nutritional  In  origin,  and  is  due  to  an  excess  of 
tissue  waste  over  nutriment.  The  secretion  of  the  breasts  is  estab- 
lished rather  slowly,  and  during  the  first  days  of  life  the  infant 
obtains  comparatively  little  food.  The  nutrition  is  probably  further 
affected  by  the  tax  on  the  infant's  vitality  caused  by  the  sudden 
change  in  its  surroundings. 
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By  the  third  or  fourth  day,  when  the  millt  secretion  is  established, 
the  normal  infant  begins  to  gain  continuously  in  weight.  Failure 
to  gain  at  this  time  is  seen  only  when  the  mjlfe  secretion  is  estab- 
lished unusually  slowly,  when  colostrum  milk  persists  unduly,  or 
when  some  other  cause  is  present  which  actually  produces  a  condition 
of  disease.  The  initial  weight  is  usually  regained  during  the  second 
week.  If  it  is  not  regained  by  the  third  week,  we  must  look  for  some 
cause  disturbing  normal  development.  In  artificially  fed  infants,  the 
initial  weight  is  often  not  so  rapidly  regained  as  in  the  breast-fed. 

During  the  first  year  of  life,  increase  in  weight  is  normally  con- 
tinuous, and  comparative'y  rapid.  The  .gain  is  most  rapid  during 
the  first  three  months;  in  this  period  the  average  daily  gain  is  almost 
two-thirds  of  an  ounce.  The  gain  is  not,  however,  steady  from  day 
to  day,  a  large  gain  on  one  day  being  often  counterbalanced  by  a 
failure  to  gain  on  the  next  day.  The  rate  of  gain  can  best  be  judged 
by  comparing  the  records  from  week  to  week.  In  the  second  three 
months  the  gain  in  weight  is  not  quite  so  rapid.  In  the  third  quar- 
ter, the  rate  of  gain  is  the  slowest  of  any  of  the  periods  of  the  first 
year,  and  becomes  slightly  more  rapid  in  the  fourth  quarter.  The 
following  table  shows  the  average  rate  of  gain  in  normal  infants, 
in  the  four  quarters  of  the  first  year: 

Table  7 

total  gain  weekly  gain 

graumes  pounds  gkauues  ottnces 

First  three  months 1400  5  180  6.3 

Second  three  months 1910  4         ■  148  5 

Third  three  months 1700  3)  qi  3.1 

Fourth  three  months 1330  »i  loa  3.5 

The  figures  for  the  weekly  gain  represent  an  average,  and  are 
rather  larger  than  are  often  seen  in  babies  who  in  every  respect 
develop  normally.  One  should  not  be  worried  as  to  the  development 
of  any  baby  whose  weekly  gain  in  weight  was  4  ounces  for  the  first 
three  months,  3  oimces  for  the  second  three  months,  and  2  otmces 
for  the  last  six  months  of  the  first  year. 

It  is  customary  to  picture  the  weight  development  of  an  infant 
in  the  form  of  a  weight  curve,  such  as  that  shown  in  the  chart. 

Such  a  chart  represents  the  average  rate  of  gain  of  a  number 
of  healthy  babies.  It  must  not  be  taken  too  literally  in  comparison 
with  the  weight  curve  of  an  individual  baby.  The  rate  of  gain  in 
individual  babies  is  usually  not  so  steadily  continuous  as  in  the 
ideal  infant's  weight  chart.  In  many  normal  babies  there  are  periods 
when  the  rate  of  gain  is  much  less  than  the  average,  or  in  which 
there  is  even,  for  a  time,  no  gain  in  weight.  Such  a  period  of  slight 
gain  or  of  stationary  weight  is  particularly  likely  to  be  seen  in  the 
third  quarter  of  the  first  year.    In  any  child  there  are  apt  to  be 
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the  developmeat  of  the  baby,  but  it  represents  an  ideal  condition, 
which  is  often  not  attained. 

A  further  extension  of  such  a  method  of  comparison  provides 
a  weight  index  for  estimating  the  weight  development  of  any  infant. 
This  weight  index  is  expressed  by  dividing  the  weight  of  the  infant 
by  the  we^t  of  the  average  healthy  infant  of  the  same  age.  If 
the  quotient  is  multiphed  by  loo,  the  result  expresses  in  per  cent, 
the  weight  development  of  the  baby.  This  is  useful  as  a  general 
guide,  but  again,  must  not  be  taken  too  literally  as  a  criterion  of 
normal  development,  on  account  of  the  factor  of  individual  variation. 
It  must  also  be  remembered  that  babies  who  are  above  or  below 
the  average  at  birth,  are  apt  to  keep  the  same  relation  to  the  average 
throughout  much  of  the  first  year.    This  is  shown  in  the  chart. 
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The  middle  line  "B"  represents  the  weight  curve  of  the  average 
healthy  infant.  This  curve  is  taken  as  the  constant  by  which  to 
estimate  the  weight  index  of  any  infant.  The  perpendicular  lines 
r^resent  the  number  of  pounds  the  child  gains  in  the  four  quarters 
of  the  first  year.  The  weight  index  of  such  an  infant  is  i.o,  the 
weight  develtq)ment  loo  per  cent. 

The  upper  curve  "A"  represents  the  theoretical  curve  of  an  in- 
fant weighing  9  pounds  at  birth,  with  a  resulting  weight  index  of 
1.2.  If  such  an  infant  were  to  maintain  throughout  the  first  year 
the  advantage  in  weight  development  with  which  it  starts  out  in 
life,  its  quarterly  gains  in  pounds  would  be  as  are  indicated  in  the 
perpendicular  lines.  These  will  be  seen  to  vary  considerably  from 
those  of  the  average  healthy  infant  represented  in  curve  "B," 

In  a  similar  manner  curve  "C"  represents  the  theoretical  weight 
curve  of  a  %\  pound-baby,  with  a  weight  index  of  0.7,  and  the  per- 
pendicular lines  show  the  quarterly  gains  in  pounds,  which  would 
be  necessary  to  maintain  throughout  the  first  year  the  weight  devel- 
opment with  which  it  starts  in  life.  These  are  seen  to  be  considerably 
less  than  those  of  the  average  healthy  infant. 
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The  figures  for  the  average  weights  and  heights  of  normal  chil- 
dren throughout  infancy  and  childhood  are  shown  in  the  table. 

They  afford  a  ready  basis  of  comparison  in  estimating  weight  de- 
velopment, showing  the  relation  of  the  individual  child  at  all  times 
to  the  average  normal. 

Tables 
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In  remembering  the  course  of  normal  weight  development,  useful 
figures  are  the  following:  An  average  child  doubles  its  birth  weight 
at  five  months,  and  trebles  it  at  fifteen  months.  At  five  years  its 
weight  is  double  that  seen  at  the  end  of  the  first  year,  and  its  weight 
at  five  years  is  doubled  at  twelve  years, 

DEVELOPMENT  OF  INTERNAL  STRUCTURE 

In  order  that  the  student  of  pediatrics  may  recognize  certain  path- 
ologic conditions  found  on  post-mortem  examination,  it  is  essential 
that  he  be  familiar  with  the  features  of  internal  structure  which  are 
peculiar  to  early  life.  The  development  of  those  internal  parts  of 
the  body  which  at  birth  show  anatomic  peculiarities  will  be  traced. 

The  development  of  function,  such  as  that  of  the  digestive  and 
urinary  systems,  is  also  of  great  importance  to  the  student  of  pedia- 
trics. This  phase  of  development  is,  however,  so  closely  connected 
with  the  various  gastro-enteric  and  renal  diseases,  that  its  discus- 
sion will  be  postponed  until  these  diseases  are  considered.  Anatomic 
development  only  will  be  considered  at  present. 
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extent  of  these  lobes  is  very  variable,  and  the  two  are  not  usually 
symmetrical.  I  have  seen  them,  even  in  an  infant,  so  developed  that 
the  longer  nearly  reached  the  lower  end  of  the  sternum;  but  it  is 
very  uncommon  for  it  to  reach  the  diaphragm.  These  prolongations 
become  thinner  as  they  descend.  The  thymus  is  a  thick  mass  behind 
the  first  piece  of  the  sternum,  where  it  rests  on  the  top  of  the  heart 
against  the  great  vessels  concealing  the  innominate  veins,  more  or 
less  of  the  superior  vena  cava  and  the  arch  of  the  aorta,  and  extend- 
ing back  to  the  trachea.  Lower  down  it  extends  on  either  side  into 
the  angle  between  the  pericardium  and  the  lungs,  or  rather  pleurae. 

The  time  of  complete  atrophy  is  extremely  variable.  I  have  seen 
it  both  present  and  absent  in  autopsies  at  every  year  from  the  third 
to  puberty. 

THE  HEART.— At  birth,  the  anatomy  of  the  heart  still  shows 
the  peculiarities  required  by  the  fetal  circulation.  Functionally, 
with  the  tying  of  the  cord  and  the  expansion  of  the  lungs,  the  circu- 
lation of  the  blood  immediately  changes  to  the  course  seen  in  adults, 
although  a  small  amount  of  blood  may  still  pass  through  the  fora- 
men ovale  and  the  ductus  arteriosus.  Anatomically  the  changes  are 
of  course  not  immediate,  though  they  take  place  fairly  rapidly  after 
birth.  The  ductus  venosus  becomes  a  fibrous  cord  in  from  two  to 
five  days.  While  the  intrauterine  function  of  the  eustachian  valve 
ceases  immediately,  its  remains  can  be  found  for  an  indefinite  period. 
The  foramen  ovale  usually  is  closed  by  the  tenth  day,  although  it  is 
sometimes  found  open  either  as  a  whole,  or  in  its  upper  portion,  at 
any  period  of  childhood,  without  any  murmur  or  other  physical 
sign.  The  ductus  arteriosus  normally  becomes  impervious  in  from 
four  to  ten  days.  The  cavities  of  the  umbiUcal  vein,  and  of  the 
upper  parts  of  the  umbilical  arteries,  are  obliterated  in  from  two 
to  five  days. 

As  soon  as  these  changes  from  the  fetal  condition  are  completed, 
the  anatomy  of  the  heart  differs  in  no  essential  particular  from  that 
of  adults.  Its  growth  is  always  more  or  less  proportionate  to  the 
growth  of  the  child. 

THE  LUNGS. — The  age  at  which  the  lungs  reach  their  full  expan- 
sion forward  is  very  variable;  it  is  certainly  not  earlier  than  the 
sixth  year,  and  may  be  much  later.  There  is,  of  course,  a  continuous 
increase  in  the  relative  size  of  the  lungs  to  the  heart,  which  keeps 
pace  with  the  development  of  the  thorax. 

The  marked  anatomical  pecuharities  seen  in  the  lung  of  the  new- 
born infant  persist  almost  unchanged  throughout  the  first  year.  The 
alveolar  walls  remain  proportionately  thick,  the  connective  tissue 
stroma  remains  loose,  and  relatively  great  in  amount,  the  size  of 
the  alveolar  air  spaces  remains  small  in  proportion  to  that  of  the 
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bronchioles,  and  their  number  remains  relatively  small.  After  the 
first  year,  the  development  of  the  lung  begins  gradually  to  approach 
the  adult  type.  It  has  been  generally  stated  that  the  development 
is  complete  by  about  the  end  of  the  fourth  or  fifth  year.  I  believe 
this  statement  to  be  only  partly  true.  At  this  age  the  size  of  the 
alveoli  has  attained  the  adult  proportion  to  the  bronchioles,  the 
walls  of  the  alveoli  have  become  thin,  and  the  stroma  has  become 
firm  and  binding.  But,  in  my  experience,  based  on  a  number  of 
observations  of  children's  lungs,  the  proportion  in  number  of  alveoli, 
to  bronchioles  still  remains  smaller  than  the  adult  proportion,  and 
does  not  show  complete  development  until  toward  the  end  of 
childhood. 

THE  STOMACH.— Both  the  position  and  the  shape  of  the  stom- 
ach change  rapidly  during  the  first  year  of  life.  The  axis  of  the 
stomach  gradually  becomes  less  oblique,  and  by  the  end  of  infancy 
reaches  the  transverse  direction  seen  in  older  children  and  in  adults. 
The  fundus  develops  rapidly  during  the  first  year,  and  although  it 
does  not  reach  its  full  development  until  late  in  childhood  the  tubu- 
lar shape  of  the  organ  soon  disappears. 

The  development  of  the  capacity  of  the  stomach  is  important  in 
connection  with  the  subject  of  infant  feeding.  There  are  two  ways 
of  estimating  the  gastric  capacity.  One  is  based  on  actual  anatomic 
measurements  made  post-mortem.  The  other  is  based  on  measur- 
ing the  amount  of  fluid  which  a  normal  infant  takes  at  a  single  feed- 
ing. There  is  often  considerable  discrepancy  between  the  anatomic 
and  physiologic  measures  of  gastric  capacity.  The  following  table 
shows  some  anatomic  measurements  at  different  ages  made  by  Rotch 
and  Holt  respectively,  and  some  physiologic  measurements  made 
by  Rotch  and  Mosenthal  respectively: 

Table  9 
Gastric  Capacity  in  Ounces 

Anatouical  Physiological 


8  weeks. . . , 

5  months. . 

6  months, . 

7  months. . 

8  months.. 
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The  feeding  of  the  newborn  baby  is  considered  in  the  division 
on  infant  feeding. 

WEIGHING. — Normal  babies  should  be  weighed  once  a  week 
during  the  first  year  of  life.  The  weighing  is  best  done  at  the  time 
the  infant  receives  its  daily  bath.  Infants  who  are  very  delicate, 
or  sick,  or  in  whom  some  change  in  the  feeding  hag  been  instituted, 
should  be  weighed  daily,  unless  their  vitality  is  so  low  that  they 
constantly  have  a  subnormal  temperature.  During  the  second  year, 
it  is  also  better  to  weigh  most  babies  as  often  as  once  a  week,  although 
such  frequent  weighing  is  not  so  necessary  as  in  the  first  year.  Older 
children  should  be  weighed  once  a  month. 

BATHING.— Infants  and  children  must  be  bathed  daily.  In- 
fants should  begin  to  have  tub  baths  as  soon  as  the  cicatrix  of  the 
cord  has  healed.  Theoretically  the  best  time  for  the  tub  bath  is  in 
the  morning,  but  giving  it  at  this  time,  in  most  households,  does  not 
fit  in  so  well  with  the  child's  general  routine.  The  baby  usually  has 
to  have  its  first  feeding  upon  waking  in  the  morning,  and  often  goes 
out  shortly  after  the  second  feeding.  Also,  in  many  households  the 
rooms  are  not  warm  enough  to  bathe  the  baby  so  early  m  the  morn- 
ing.   In  most  households  it  is  found  more  convenient  to  give  the 

I  tub  bath  at  night,  at  bed-time,  just  before  the  feeding  which  is  given 

about  six  o'clock.    The  baby  may  have  a  basin  bath  in  the  morning, 
before  its  second  feeding.    Even  if  no  basin  bath  is  given  at  this 

r  time,  the  infant's  face  should  be  washed. 

'  The  temperature  of  the  bath  at  the  different  ages  is  shown  in 

the  table. 

Table  lo 

1  Tcmperalurc  of  the  Bath  for  Different  /Igei 

ACB  CENnCBADE    FAOREHHErT 

'  At  binh 37,8°  loo" 

During  firet  three  or  tour  weeks 35  "  95° 

One  to  six  months 34  "  93»° 

y  From  sin  to  twelve  months 311°  90" 

r  Twelve  to  twenty-four  months 30  °  86* 

Then  gradually  reduce  in  summer  to 16,6  "  80° 

In  the  third  or  fourth  year,  if  possible,  reduce  to —  ii-^"  7$' 

The  temperature  of  the  room  in  which  the  bath  is  given  should 
'  be  from  76°  F.  to  80°  F. 

The  nurse  should  first  wash  the  face  in  clear  water,  keeping  the 
body  and  limbs  wrapped  up  in  a  warm  blanket.  The  face  is  then 
wifjed  with  a  soft  towel.  She  should  gently  cleanse  the  nose,  the 
comers  of  the  eyes,  and  the  external  ears.  The  nose  is  especially 
imj)ortant,  for  the  infant's  vitality  is  easily  aflected  by  occluded 
}  nares.    The  nurse  should  then  soap,  wash  off,  and  dry  the  scalp. 
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Fig  q — Clothing  roe  an  Infant 


First  ttep  in  tlie  dressing  of  &  baby,  showing  band,  diaper,  and  .stockings 


Fig,  io — Clothikc  fob  as  Infant 


Second  step  in  the  dressing  of  a  baby,  showing  the  shirt 


The  Nobual  Child 
Fio.  II — Clothing  for  an  Intant 


Fig.  ij — Clothing  fob  an  Infast 


f^l  step  b  the  dres«'ng  of  a  baby,  showing  the  d 
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being  silk  and  wool.  The  petticoat,  or,  as  it  is  usually  called,  the 
"gertrude,"  goes  on  over  the  shirt.  It  has  a  low  neck  and  no  sleeves, 
is  somewhat  longer  than  the  shirt,  but  not  so  long  as  the  old-fash- 
ioned "long  clothes"  in  which  the  infant's  feet  were  tightly  swathed, 
and  preferably  fastens  in  the  front.  It  may  be  made  either  of  fine 
flannel,  or  of  woven  silk  and  wool;  flannel  is  less  expensive,  and 
fully  as  satisfactory.  The  outer  garment  is  the  dress,  which  is  made 
of  some  soft,  white  material,  and  has  a  high  neck,  and  sleeves.  It 
is  of  the  same  length  as  the  gertrude.  Many  mothers  put  on  a 
soft  lawn  gertrude  between  the  dress  and  the  flannel  gertrude.  The 
dress  is  the  only  garment  which  the  nurse  should  be  allowed  to  put 
on  over  the  infant's  head.  The  band,  shirt,  and  gertrude  should 
always  be  put  on  over  the  feet,  and  if  they  open  in  front,  the  baby 
may  be  dressed  and  undressed  very  rapidly  and  easily.  The  young 
infant  does  not  need  to  wear  stockings,  except  sometimes  when  he 
goes  out  in  cold  weather.  There  is  no  objection  to  short,  knitted 
socks,  if  the  mother  wants  to  use  them.  The  nightdress  is  a  garment 
made  of  flannel,  or  of  woven  silk  and  wool,  which  goes  on  over  the 
shirt.  It  should  open  all  up  and  down  the  front,  and  the  back 
should  be  longer  than  the  front,  to  permit  of  its  being  folded  over 
the  feet. 

When  the  infant  begins  to  creep,  short  clothes  take  the  place  of 
the  long  clothes.  The  undershirt  now  takes  the  place  of  both  the 
shirt  and  band.  This  should  have  sleeves,  and  should  be  made  of 
silk  and  wool,  or  a  fine  all-wool  material.  The  flannel  petticoat 
is  made  of  the  same  material  as  in  earlier  infancy,  except  that  its 
waist  is  cotton;  it  has  still  a  low  neck  and  no  sleeves,  but  is  short, 
goes  on  over  the  head,  and  has  no  fastenings  either  in  front  or 
behind.  Over  it  goes  the  white  petticoat,  similar  in  design,  but 
made  of  some  soft,  white  material  with  a  cotton  waist.  Over  these 
garments  go  the  short  dress,  with  high  neck,  sleeves,  and  buttons 
behind.  Stockings  must  be  worn  at  this  period.  These  are  pre- 
ferably made  of  wool,  and  fasten  to  the  diaper.  When  the  child 
begins  to  stand  and  walk,  soft  kid  shoes  should  be  used.  Care  must 
be  taken  that  the  shoes  are  of  proper  shape,  adapted  to  the  natmal 
curves  of  the  child's  foot.  At  night  the  child  should  wear  a  regular 
nightdress,  made  of  soft  flannel,  with  high  neck  and  long  sleeves, 
and  buttoned  behind. 

When  the  child  is  two  or  three  years  old,  and  often  before,  the 
diaper  is  discarded,  and  the  child  begins  to  wear  drawers.  At  this 
time  the  petticoats  no  longer  have  the  cotton  waists  permitting 
them  to  go  over  the  shoulders,  and  a  new  garment  is  worn,  called 
the  waist.  The  waist  has  no  sleeves,  but  is  supported  by  shoulder 
straps,  and  should  fit  loosely,  especially  about  the  child's  waist.    Its 
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than  any  other,  usually  through  fear  of  making  the  children  ill  by 
exposure.  When  children  are  delicate  there  is  a  special  tendency  to 
deprive  them  of  the  fresh  air  which  they  especially  need. 

During  the  first  week  or  two  of  life,  a  baby  is  very  easily  dis- 
turbed by  changes  in  the  temperature,  and  by  exposure  to  cold  air. 
Its  nutrition  and  heat  regulating  apparatus  are  not  established,  and 
it  requires  coddling  and  warmth.  This  does  not  mean  that  the 
young  infant  is  not  to  be  kept  in  well  ventilated  rooms,  but  only 
that  it  is  not  to  go  out  doors,  nor  be  exposed  to  any  indoor  airing 
which  lowers  the  temperature  of  his  surroundings  below  about  70°  F. 

After  the  first  one,  two,  or  three  weeks  of  life,  when  the  regular 
routine  of  early  life  has  become  established,  we  are  confronted  by 
the  question  of  providing  the  infant  with  additional  fresh  air,  by 
means  of  going  outdoors,  and  by  means  of  open  windows.  The 
transition  from  the  protected  routine  of  the  early  weeks,  to  that  of 
later  infancy  must  never  be  abrupt,  but  must  be  brought  about 
gradually.  The  proper  management  of  the  fresh  air  problem  depends 
upon  the  time  of  year. 

With  infants  who  are  bom  in  the  summer  months,  there  is  no 
reason  why  they  should  not  begin  to  go  outdoors  after  the  first  week 
or  two.  The  infant  should  then  spend  as  much  time  as  possible  in 
the  open  air,  sleeping  outdoors  in  his  carriage  in  the  day  time.  When 
indoors,  the  windows  of  his  room  should  always  be  open.  In  summer, 
all  that  is  necessary  is  to  guard  against  the  very  sudden  drops  in  the 
temperature  which  are  sometimes  seen  at  our  summer  resorts.  At 
such  times,  the  infant  may  continue  to  go  out,  unless  the  tempera- 
ture falls  below  60°  F.,  but  extra  wraps  must  be  provided.  Also, 
when  indoors,  he  may  still  sleep  with  open  windows,  but  if  it  is  so 
cold  that  the  temperature  in  his  room  would  fall  below  60°  F.,  the 
windows  must  not  be  opened  so  wide.  Only  at  those  hours  when 
the  infant  is  bathed,  or  is  partially  undressed  and  allowed  to  kick 
and  play,  should  the  windows  be  closed. 

Infants  who  are  bom  in  the  spring  or  autumn  should  not  begin 
to  go  outdoors  until  they  are  at  least  one  month  old,  and  then  should 
not  go  out  when  the  outdoor  temperature  is  below  60°  F.  They 
should  at  first  not  be  kept  out  more  than  ten  or  fifteen  minutes,  and 
the  duration  of  the  outing  should  be  lengthened  gradually.  With 
infants  who  begin  to  go  out  in  the  autumn,  it  is  possible  to  continue 
to  take  them  out  even  as  the  season  advances,  if  care  is  taken  that 
they  be  kept  in  on  the  colder  days,  and  that  they  be  exposed  very 
gradually  to  a  lower  outdoor  temperature,  so  that  often  they  may 
continue  to  go  out  on  favorable  days  all  winter. 

In  spring  and  autumn  infants  must  be  gradually  accustomed  to 
open  windows  in  their  sleeping  rooms  after  they  are  a  month  old. 
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aked  whenever  the  child  is  out  of  it,  and  before  he  goes  to  bed  at 
night.  In  the  day  time,  if  possible,  he  should  be  changed  from 
one  well  aired  room  to  another. 

TTie  practice  has  frequently  been  adopted  in  cases  where  infants 
were  born  in  summer,  and  have  become  accustomed  to  sleeping 
outdoors  even  at  night,  to  continue  having  them  sleep  in  an  outdoor 
sleeping-porch  even  in  winter.  I  have  seen  this  practice  adopted 
without  harm,  and  apparently  with  benefit.  Great  care  must  be 
taken  with  the  coverings,  and  constant  vigilance  exercised  against 
sudden  changes  in  the  weather.  It  is  so  difficult  in  our  northern 
climate  to  care  for  children  sleeping  outdoors  at  night  in  winter, 
that  I  do  not  recommend  it  until  children  are  at  least  three  years 
old.  The  nursery  with  open  window  provides  enough  fresh  air  for 
the  average  baby.  After  the  age  of  three,  I  am  a  great  believer  in 
the  outdoor  sleeping-porch,  whenever  it  can  be  provided. 

EXERCISE. — In  young  infants  exercise  is  obtained  by  kicking 
its  legs,  and  waving  its  arms,  and  does  not  require  any  very  special 
attention.  It  is,  however,  a  bad  plan  to  allow  infants  to  lie  in  their 
cribs  all  the  time.  This  fault  is  more  often  seen  in  hospitals  than 
in  private  practice,  and  sometimes  leads  to  marked  impairment  of 
the  health  of  the  baby.  The  babies  must  be  picked  up  and  carried 
about  occasionally  and  their  position  should  be  frequently  changed. 
In  private  practice  it  is. a  good  plan,  once  or  twice  a  day,  to  take 
the  baby  into  a  warm  room,  remove  its  more  cumbersome  outer 
clothing,  and  let  it  kick  about  for  a  while  on  a  large  bed. 

When  the  babies  grow  older,  and  reach  the  age  when  they  begin 
to  creep,  they  normally  never  fail  to  take  sufficient  exercise,  and 
sometimes  take  too  much  unless  they  are  restrained.  By  placing 
them  on  the  floor  on  a  large  mattress,  or  on  a  large  bed,  in  a  warm 
room,  opportunity  may  be  given  then  to  kick  and  roll  about  as  much 
as  they  desire. 

After  babies  have  learned  to  walk,  care  must  be  taken  to  prevent 
them  over-exerting  to  the  point  of  becoming  tired.  Exercise  in  the 
open  air  is  best,  but  they  must  not  be  allowed  to  walk  too  far.  It 
is  better  to  wheel  them  to  some  desirable  spot,  and  then  let  them 
walk  or  run  about  for  a  time  which,  short  at  first,  is  gradually  in- 
creased as  they  grow  older,"  until  finally,  between  three  and  five  years 
of  age,  they  walk  during  the  entire  outing.  For  indoor  exercise  in 
winter,  an  exercise  pen,  which  keeps  them  off  the  floor,  is  often  useful. 

In  older  children,  every  form  of  outdoor  exercise  should  be  en- 
couraged. In  normal  children,  none  of  the  usual  games  and  sports 
are  harmful,  and  opportunity  should  be  given  for  the  children  to 
learn  and  practice  as  many  as  possible. 
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systems  are  the  following: — In  the  first  place,  there  is  the  danger 
of  too  long  hours.  A  second  unfavorable  feature  often  found  in 
school  life,  is  the  fostering  of  a  spirit  of  competition,  by  means  of 
marks  and  prizes.  There  is  another  danger  which  pretty  and  pre- 
cocious children  in  particular  encoimter,  that  of  becoming  "teachers' 
pets."  These  children  are  encouraged  to  seek  promotion,  and  are 
shown  off,  and  speak  their  little  pieces  whenever  visitors  are  in  the 
school.  Many  a  nervous  system  has  been  injured  in  childhood  by 
the  over-ambitious  teacher. 

Precocity  in  children  is  always  a  sign  that  mental  development 
should  be  guarded  and  restrained,  rather  than  fostered.  The  life 
of  the  young  child  should  always  be  more  like  the  life  of  the  young 
animal  than  like  that  of  the  adult.  Children  are  httle  animals, 
not  little  men  and  women. 

TRAINING  AND  DISCIPLINE,  HABITS.— ChUdr«n  may  fre- 
quently be  trained  to  control  the  rectum  and  bladder  at  a  remark- 
ably early  age.  Such  training  should  always  be  begun  before  the 
end  of  the  first  year  of  life.  The  mother  should  observe  at  what 
hour  the  baby  usually  has  a  movement  of  the  bowels,  which  in  most 
cases  follows  very  shortly  after  a  feeding,  and  the  mother,  imme- 
diately after  this  particular  feeding,  should  put  the  baby  on  a  small 
chamber.  Many  children  learn  very  quickly  to  indicate  when  they 
want  to  have  a  movement.  The  training  of  the  bladder,  while 
rather  less  rapid,  can  be  carried  out  in  the  same  way.  Children 
vary  very  much  as  to  how  quickly  they  learn  to  give  signs  when 
they  want  the  chamber,  but  many  intelligent  children  leam  so  quickly, 
that  in  the  second  year  napkins  can  be  dispensed  with  during  the  day. 
While  children  are  very  young,  no  other  habits  should  be  taught 
by  training,  except  the  control  of  the  rectum  and  bladder.  During 
this  early  period  of  life,  efforts  at  training  should  be  directed  at  pre- 
venting the  development  of  bad  habits. 

The  earhest  of  these  habits  to  appear,  and  one  of  the  commonest, 
is  crying.  The  crying  habit  develops  in  infants  who  are  picked  up 
and  held  and  petted,  or  talked  to  and  amused,  whenever  they  cry. 
The  cause  of  the  fij^t  crying  may  have  been  something  really  wrong, 
but  if  crying  is  treated  by  picking  up  and  amuang  the  baby,  the 
habit  will  persist  after  the  cause  is  no  longer  present.  It  must  be 
remembered  that  it  is  a  good  thing  for  the  young  infant  to  cry  a 
little  every  day,  crying  having  a  beneficial  effect  in  providing  exer- 
cise, favoring  peristalsis,  and  causing  deep  inspiration  and  good 
expansion  of  the  !ungs.  Too  much  crying  in  a  well  and  unspoiled 
baby,  always  indicates  that  something  is  wrong,  or  at  least,  that 
some  cause  exists  which  can  be  removed.  An  infant  cries  from 
hunger,  from  indigesUon,  from  fright,  from  soiled  napkins,  from 
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inflamed  buttocks,  from  tight  clothes.  In  all  cases  the  crying 
should  not  be  treated  by  picking  the  baby  up  and  diverting  him, 
but  a  painstaking  search  for  the  cause  should  be  instituted,  and 
we  should  not  be  satisfied  till  it  has  been  found  and  removed.  The 
baby  who  cries  violently,  but  stops  abruptly  as  soon  as  picked  up, 
has  become  an  habitual  cryer,  and  has  advanced  the  first  step  on 
the  road  which  leads  to  the  "spoiled  child."  Such  cases  must  be 
treated  by  a  short  period  of  rigid  discipline.  K  for  a  few  times  he 
is  left  to  "cry  it  out,"  he  will  be  cured.  Mothers  should  be  assured 
that  this  treatment  will  not  injure  the  baby's  nervous  system  as 
much  as  allowing  the  habit  to  continue,  and  that  it  will  not  cause 
either  convulsions  or  rupture. 

The  crying  habit  is  almost  identical  with  another  bad  habit,  that 
of  being  held  constantly  in  the  arms.  A  baby  should  be  handled  as 
little  as  f)ossible,  just  enough  to  give  it  exercise.  It  should  never 
be  allowed  to  fall  asleep  in  its  mother's  or  nurse's  arms.  The  habit 
of  being  held  soon  develops,  and  leads  to  the  crying  habit  Its  treat- 
ment is  the  same,  when  developed,  but  it  may  always  be  prevented. 

Another  habit,  more  inexcusable  on  the  part  of  the  mother  or 
nurse,  is  that  of  sucking  on  a.  rubber  nipple  or  "pacifier."  Besides 
deforming  the  lips  and  jaws,  the  pacifier  is  always  unsanitary.  Thumb 
and  finger  sucking  are  bad  habits  of  a  similar  character,  and  the  habit 
of  pulling  the  ears  is  sometimes  seen.  These  can  be  cured  by  band- 
aging the  hands,  and  in  the  case  of  thumb  and  finger  sucking,  putting 
a  solution  of  quinine  on  the  bandage.  All  sorts  of  curious  rare  habits 
are  sometimes  seen  in  children  otherwise  normal.  One  child  I  have 
seen  recently  has  a  habit  of  deUberately  banging  one  part  of  his 
cranium  against  the  bars  of  his  crib. 

The  training  of  children  in  habits  of  good  conduct  and  behavior, 
is  as  important  as  it  is  difficult.  While  they  are  very  young,  and 
unable  to  understand  at  all  the  meaning  of  right  and  wrong,  it  is 
absolutely  useless  to  use  either  admonition  or  scolding.  Fortunately, 
at  this  age,  the  properly  cared  for  child  will  not  be  able  to  do  very 
many  things  which  are  injurious.  If  he  does  begin  to  do  things  which 
are  a  real  menace,  such  as  pulling  down  table  cloths,  or  putting  beans 
and  shoe-buttons  into  his  nose,  he  must  be  corrected  physically. 
At  this  age  the  baby  is  precisely  like  a  young  animal.  Young  ani- 
mals leam  the  art  of  selfpreservation  through  the  pain  which  attends 
their  dangerous  acts,  and  kittens  or  puppies  do  not  walk  into  the 
fire.  For  young  children  who  are  beginning  dangerous  habits,  there 
is  nothing  like  a  good  yanking.  The  mother  often  fears  that  the 
child  will  dread  her  instead  of  loving  her,  but  if  the  spanking  always 
immediately  follows  the  wrong-doing,  and  if  the  punishment  is  never 
remitted,  but  always  carried  out,.-this  will  never  occur. 
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he  has  ahnost  unconsciously  become  an  adept  in  managing  his  par- 
ents, and  getting  his  own  way. 

Moderate  cases  of  this  description  can  be  corrected,  if  the  parents 
will  adopt  a  proper  system  of  discipline  with  sufficient  firmness.  The 
physician  must  aid  them  by  assuring  them  that  the  symptoms  which 
the  child  shows  under  discipline  will  not  ruin  his  nervous  system. 
Severe  cases  can  only  be  cured  by  taking  the  child  temporarily  entirely 
away  from  his  parents,  and  putting  him  in  charge  of  a  trained  nurse. 

To  teach  children  good  manners,  nothing  more  is  required  than  that 
the  parents  should  use  toward  the  children,  and  in  the  family,  all  the 
conventional  pohteness  which  they  would  use  if  strangers  were  present. 

THE  NURSERY.— This  room,  in  which  the  child  passes  so  much 
of  its  time,  should  always  be  adapted  to  fulfil  its  hygienic  needs. 
It  should  be  a  large  room,  situaied  high  up,  on  the  second,  or  third 
floor.  It  should  have  a  sunny  exposure  and  large  windows  high 
enough  from  the  floor  to  prevent  the  younger  children  continually 
pressing  their  faces  against  the  glass  to  look  out,  and  thus  catching 
cold  from  the  little  currents  of  air  which  penetrate  most  window 
casings.  Painted  walls  are  better  than  papered,  and  a  hard  wood 
floor  not  highly  polished,  with  a  large  rug  is  better  than  a  carpet. 
The  child  should  have  his  own  bed,  made  of  iron,  and  painted,  with 
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DIVISION  II 

DISEASE  IN  EARLY  LIFE 

I.    ETIOLOGY  AND  CLASSIFICATION 

The  classification  of  diseased  conditions  has  always  presented 
ahnost  insuperable  difficulties  for  the  medical  writer.  In  earliest 
times  diseases  were  classified  upon  the  basis  of  their  symptoms,  or 
of  unscientific,  or  superstitious  theories  as  to  their  cause  and  nature. 
Later  the  spread  of  knowledge  concerning  pathological  anatomy 
suggested  a  purely  anatomical  basis  for  the  classification  of  disease. 
Such  a  basis,  however,  has  proved  unsatisfactory  for  many  reasons, 
chief  among  which  being  the  fact  that  many  conditions  recognizable 
as  diseases  present  no  distinctive  anatomical  features,  and  the  fact 
that  the  lesions  of  disease  bear  no  definite  relation  to  the  cause, 
symptoms  or  method  of  cure.  If  there  were  such  a  relation,  classi- 
fication would  be  a  simple  matter.  In  its  absence,  attention  has 
been  turned  more  and  more  toward  etiologic  factors  as  the  most 
important  conditions  differentiating  diseased  processes  from  one 
another,  especially  since  progress  in  bacteriology  has  set  apart  a 
large  class  of  diseases  as  having  a  demonstrable  specific  cause.  Treat- 
ment, also,  is  becoming  more  and  more  directed  at  the  causes,  rather 
than  at  the  lesions  of  disease,  and  this  suggests  how  advantageous 
would  be  an  etiologic  basis  of  classification,  if  it  were  possible. 

Unfortunately,  it  is  as  yet  impossible  to  classify  diseased  condi- 
tions solely  upon  the  basis  of  their  etiology,  for  two  principal  rea- 
sons. In  the  first  place,  there  is  no  subject  in  the  scientific  aspect 
of  medicine  more  obscure  than  that  of  etiology.  The  etiology  of 
many  recognizable  diseased  conditions  remains  wholly  unknown.  In 
the  second  place,  a  great  many  diseased  conditions  which  can  be 
recognized  as  fairly  distinct  disturbances,  are  produced  by  the  coin- 
ddent  action  of  a  number  of  different  etiological  factors.  More- 
over, the  same  etiologic  factor  may,  at  different  times,  produce 
wholly  different  lesions,  or  disturbances  of  bodily  function,  the  prob- 
able explanation  of  this  phenomenon  being  that  there  are  other 
coexisting  causes  which  cannot  be  recognized. 

Nevertheless,  etiology  must  not  be  discarded  in  any  attempt  to 
classify  disease,  but  should  be  used  as  far  as  is  possible,  the  defici- 
ency in  our  knowledge  being  eked  out  by  what  we  know  of  the  essen- 
tial manner  in  which  various  diseased  processes  are  produced.    We 
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w,  for  instance,  that  in  some  cases  the  result  of  the  action  of 
ause  or  group  of  causes  is  a  definite  anatomic  lesion;  in  other 
:s  the  result  is  a  disturbance  of  the  function  of  a  particular  organ; 
itill  other  cases  a  disturbance  of  the  entire  nutrition  and  meta- 
sm,  with  or  without  the  formation  of  toxic  substances  in  the 
xi. 

y  taking  account  both  of  causes,  and  the  various  kinds  of  dis- 
>ances  produced  in  the  body,  a  basis  for  the  classification  of 
ase  may  be  constructed  which  will  be  sufficiently  useful  to  meet 
requirements  of  the  present  stage  of  our  knowledge. 

THE  CAUSES  OF  DISEASE 

he  following  are  the  chief  etiological  factors  in  disease: 

1.  Inheritance. 

2.  The  normal  lack  of  development  of  early  life. 

3.  Unknown  internal  causes. 

4.  Mechanical  injury  from  without. 

5.  External  factors  in  hygiene  and  environment. 

6.  Infection. 

i  these  causes,  the^  first  three  represent  conditions  existing  within 
body  of  the  child.  The  last  three  represent  conditions  of  en- 
iment,  acting  upon  the  child's  body  from  without. 
niERITANCE  is  an  important,  though  rather  obscure  factor, 
lilis  is  the  only  disease  often  directly  transmitted  from  parent 
lild,  though  there  are  rare  instances  of  the  transmission  of  other 
:tions.  Inheritance  plays  its  chief  part  in  the  transmission  of 
:  are  commonly  called  constitutional  weaknesses  or  tendencies. 
s  is  probable,  there  is  an  anatomical  basis  for  these  tendencies, 
not  recognizable.  Lack  of  resistance  to  other  causes  of  disease 
we  can  see,  the  children  being  liable  to  certain  infections,  or 
rtain  disturbances  of  fimctlon. 

IE  NORMAL  LACK  OF  DEVELOPMENT  OF  EARLY  LIFE 
)een  thoroughly  described  in  the  first  division  of  this  book.  In 
alone,  it  can  not  properly  be  called  a  cause  of  disease.  It  is, 
ver,  a  very  important,  if  not  the  most  important,  etiological 
r  in  connection  with  other  causes  acting  from  without.  It 
ins  why  children  are  less  resistant  to  certain  conditions  of  their 
onment. 

fKNOWN  INTERNAL  CAUSES.— There  are  certain  disturb- 
which  occur  only  at  times,  and  which  cannot  be  traced  to 
itance,  or  to  any  external  cause.  The  cause  may  be  external, 
f  so,  it  has  not  been  discovered.  Unknown  internal  causes  are 
led  only  as  a  possible  explanation  of  these  conditions. 
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MECHANICAL  INJURY  FROM  WITHOUT  needs  no  explana- 
tion. The  effects  of  blows,  of  falls,  of  birth  injuries,  of  foreign 
bodies  in  internal  structures,  of  heat,  of  cold,  of  irritants,  are  well 
known. 

THE  EXTERNAL  CONDITIONS  IN  THE  HYGIENE  AND 
ENVIRONMENT  OF  THE  CHILD  which  can  produce  disease  are, 
of  all  etiologic  factors,  the  most  numerous  and  important.  Among 
them  may  be  numbered  improper  feeding,  unhygienic  surroundings, 
neglect,  and  indeed  any  violation  of  the  rules  for  the  proper  care 
of  the  child. 

INFECTION  means  the  invasion  of  the  body  from  without  by 
a  living  pathogenic  parasite.  The  mode  of  action  of  these  micro- 
organisms and  the  mechanism  of  defense  against  them,  will  be  de- 
scribed in  other  portions  of  this  book. 

HOW  THE  VARIOUS  CAUSES  ACT  IN  PRODUCING 
DISEASE 

There  are  three  principal  ways  in  which  the  various  known  and 
unknown  causes  of  disease  act  in  the  body. 

I.  By  producing  faulty  anatomical  development  in  intraute- 
rine life. 
a.  By  producing  disturbance  of  fimction  without  primary  anat- 
omic lesions. 
3.  By  producing  primary  anatomic  lesions. 

CONGENITAL  FAULTS  OF  DEVELOPMENT.— In  the  first 
group  the  causes  are  entirely  unknown.  They  may  be  inherited 
tendencies,  or  internal  unknown  causes,  or  external  conditions  acting 
on  the  foetus  through  the  mother.  This  subject  Is  still  shrouded 
in  mystery.  Our  knowledge  of  embryology  tells  us  only  just  what 
phase  of  development  goes  wrong  in  embryonic  life. 

DISTURBANCE  OF  FUNCTION  WITHOUT  EVIDENT  PRI- 
MARY ANATOMIC  LESION.— This  is  very  common.  Such 
disturbance  is  usually  due  to  the  coincident  operation  of  several 
causes.  Normal  lack  of  development  plus  inherited  weakness,  for 
example,  unite  with  faulty  hygiene  in  producing  a  disturbance  of 
function.  All  sorts  of  combinations  and  successions  of  events  may 
exist.  Thus  the  faulty  hygienic  surroundings  of  the  mother  may 
cause  congenital  lack  of  resistance  on  the  part  of  the  child,  which 
permits  disturbance  of  function  under  conditions  which  are  normal 
and  not  injurious  to  normal  babies.  In  most  cases  of  disturbed 
function,  multiple  causes,  involving  both  internal  and  external  fac- 
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tors  must  be  sought.  Lack  of  balance  between  the  child's  func- 
tional development  and  the  conditions  of  his  environment  is  the 
usual  finding. 

The  functions  disturbed  are  various.  A  single  organ,  or  several 
organs  may  be  involved.  There  may  be  a  disturbance  of  the  entire 
function  of  nutrition  and  metabohsm.  The  results  of  the  disturb- 
ance are  very  manifold,  showing  a  great  variety  of  manifestations. 
For  example,  disturbance  of  nutrition  and  metabolism  may  give  rise 
simply  to  retardation  of  growth  and  development,  or  to  distinct 
diseases  such  as  rachitb  and  scorbutus,  or  to  toxemias. 

Toxemias. — One  manifestation  of  disturbed  function  is  so  very 
striking,  and  has  attracted  so  much  attention  recently,  that  it  de- 
serves special  mention,  if  not  a  special  place  in  the  general  classifica- 
tion of  disease.  I  refer  to  toxemia.  There  exist  a  number  of 
clinical  manifestations,  some  of  which  can  be  proved  to  be  due  to 
the  formation  of  toxic  substances  and  their  circulation  in  the  blood, 
and  others  which  can  be  best  explained  on  this  basis  even  without 
proof.  These  toxemias  would  hold  a  place  in  the  classification  of 
disease,  were  it  not  for  the  fact  that  we  believe  them  to  be  manifes- 
tations of  disturbed  function,  either  of  an  organ,  or  more  commonly, 
of  the  whole  metabolism.  These  toxic  substances  may  in  turn  cause 
secondary  disturbances  of  function,  which  brings  them  into  the  class 
of  etiological  factors.  They  may  even  produce  lesions,  such  as  are 
seen  in  the  kidneys  in  some  forms  of  nephritis,  or  in  the  bones  in 
rhachitis  and  scorbutus.  Their  mode  of  action  is  often  not  very 
different  from  conditions  seen  in  infections,  where  there  is  also  a 
toxemia,  the  only  difference  being  that  the  toxins  are  of  bacterial 
and  not  of  metabolic  origin. 

In  this  group  of  functional  disturbances  are  included  all  condi- 
tions in  which  disturbance  of  function,  and  not  a  lesion,  is  the  pri- 
mary result  of  the  various  etiologic  factors.  Lesions,  however,  may 
often  be  seen  in  these  conditions.  For  example,  improper  feeding 
may  cause  disturbance  of  the  function  of  digestion,  which  in  turn 
causes  irritation  of  the  intestinal  mucosa,  which  in  its  turn  eventually 
may  give  rise  to  an  intestinal  lesion. 

PRIMARY  ANATOMIC  LESIONS.— This  is  a  very  important 
manner  in  which  the  etiological  factors  produce  disease.  It  requires 
little  discussion,  as  this  origin  of  disease  is  thoroughly  understood. 
The  two  chief  etiologic  factors  concerned  here  are  mechanical  injury 
from  without,  and  inifection.  The  former  produces  the  various  forms 
of  lesion  grouped  under  the  general  term  of  traumatic.  The  second 
produces  a  great  variety  of  lesions  peculiar  to  the  particular  form 
of  infection  involved.  There  is  a  class  of  lesions  of  unknown  cause, 
represented  by  the  new  growths. 
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THE  CLASSIFICATION  OF  DISEASE 

Using  as  a.  basis  both  what  we  know  of  etiology,  and  what  we 
know  of  the  mode  of  action  of  various  causes,  the  following  classi- 
fication of  diseases  is  suggested,  and  will  be  followed  in  thi^  book: 

1.  Malformations. 

2.  Mechanical  injuries — 

a.  From  external  causes — trauma. 

b.  From  unknown  internal  causes. 

3.  New  growths. 

4.  Functional  disturbances  from  multiple  causes — 

a.  Non-toxic, 

b.  Toxemias. 

5.  Infections. 

THE  MALFORMATIONS  represent  the  faulty  intrauterine  de- 
velopment described  above,  of  which  the  cause  is  unknown.  It 
includes  all  the  congenital  malformations. 

THE  MECHANICAL  INJURIES  from  trauma  need  no  expla- 
nation. Those  from  unknown  internal  causes  are  represented  by 
such  conditions  as  hernia  and  intussusception. 

THE  NEW  GROWTHS  represent  very  distinct  and  peculiar 
lesions,  of  which  the  cause  is  still  unknown.  Whether  the  origin 
of  these  lesions  is  developmental,  or  whether  it  is  to  be  found  in 
some  as  yet  undiscovered  agency  acting  from  without,  is  for  the 
future  to  determine.  For  the  present  these  lesions  can  only  occupy 
a  class  by  themselves. 

THE  FUNCTIONAL  DISTURBANCES  trace  their  position  as 
a  separate  class  of  diseases  to  the  essential  nature  of  the  disease 
process,  rather  than  to  the  nature  of  the  causes,  which  are  multiple. 
The  essential  feature  is  disturbance  of  function  without  primary 
anatomic  lesions.  Those  disturbances  in  which  the  manifestations 
are  chiefly  chemical,  caused  by  the  formation  of  toxic  substances  and 
their  circulation  in  the  blood,  are  grouped  under  the  subdivision  of 
toxemias.  Examples  of  non-toxic  functional  disturbances  are  indi- 
gestion from  overfeeding,  and  enuresis;  of  toxic  functional  disturb- 
ances are  spasmophiha,  and  some  forms  of  nephritis. 

THE  INFECTIONS  form  the  most  distinct  group  etiologically. 


II.    PATHOLOGICAL  ANATOMY 

The  peculiarities  of  the  pathology  of  eariy  life  lie  in  the  relative 
frequency  of  the  different  processes  rather  than  in  any  marked  modi- 
fication of  their  character.  The  tissue  changes  which  form  the 
lesions  of  disease  are  the  same  at  all  ages.  In  childhood,  however, 
the  relative  frequency  of  different  kinds  of  lesions  is  different  from 
that  seen  in  adult  life,  and  there  are  more  or  less  characteristic  modi- 
fications in  the  severity  and  distribution  of  the  lesions.  The  varia- 
tions characteristic  of  the  pathology  of  early  life  are  most  notable 
in  infancy,  and  become  progressively  less  through  childhood,  until, 
at  about  the  age  of  puberty,  adult  conditions  are  reached. 

Congenital  lesions  form  a  comparatively  large  group  in  the  path- 
ological anatomy  of  early  life,  particularly  in  infancy.  They  may 
be  subdivided  upon  an  etiological  basis  into  two  classes,  one  being 
due  to  embryonic  conditions — abnormalities  of  fetal  development, 
the  other  being  due  to  intrauterine  disease.  Closely  connected  with 
these  congenital  lesions  is  another  group  due  to  trauma  sustained 
during  birth. 

Functional  disturbances,  without  recognizable  primary  lesions,  are 
comparatively  common  in  early  life.  The  multiple  etiology  of  these 
conditions  has  been  discussed  in  the  section  on  etiology.  In  early 
life,  disturbance  of  function  is  most  common  in  those  organs  or  sys- 
tems of  the  body  which  in  childhood  show  a  relative  backwardness 
of  functional  development.  Consequently,  functional  disturbances 
in  early  life  are  most  commonly  connected  with  the  digestive  system 
and  nutrition,  and  with  the  nervous  system.  The  largest  (^visions  of 
any  work  on  pediatrics  must  be  those  dealing  with  nutrition,  meta- 
bolism, and  the  gastro-enteric  tract.  The  circulatory  system  in 
early  life  is  compararively  well-developed,  while  it  contains  the  tis- 
I  sues  and  organs  which,  having  a  mechanical  function,  show  most 

markedly  the  effects  of  the  strain  of  advancing  years,  and  of  active 
abuses.  Consequently,  functional  disturbances  of  the  heart  and 
circulation  are  comparatively  uncommon  In  childhood. 

New  growths  are  very  much  less  common  in  childhood  than  in 
adult  life.  Carcinoma,  the  most  common  timior  of  later  life,  is 
almost  unknown  in  infancy  and  childhood.  Full  development  and 
maturity  appears  to  be  an  essential  condition  for  the  occurrence  of 
many  varieties  of  new  growth.  Thus  the  fibro-myomata  of  the  uterus, 
and  the  cysts  of  the  ovary,  so  common  in  adult  life,  are  not  seen  in 
childhood.    Sarcoma  is  the  most  common  new  growth  encountered 
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in  childtiood,  the  commonest  form  being  osteo-sarcoma,  and  sarcoma 
of  the  kidney  originating  in  adrenal  tissue.  Ghomata  also  are 
often  seen. 

The  inflammatory  lesions  characteristic  of  infection  are  compara- 
tively common  in  eariy  life,  and  form  by  far  the  largest  group  in 
the  pathological  anatomy  of  infancy  and  childhood.  The  great 
liability  of  children  to  the  group  of  infectious  diseases  transmitted 
by  contact,  has  led  to  the  name  of  "children's  diseases"  being  apphed 
to  this  group.  The  frequency  of  the  contagious  diseases  in  child- 
hood is,  however,  probably  not  chiefly  due  to  an  increased  suscepti- 
bility at  that  period  of  Ufe.  Indeed,  infants  as  compared  with  older 
children  show  a  distinct  immunity  to  certain  contagious  diseases, 
such  as  dipthheria  and  scarlet  fever,  which  may  be  possibly  explained 
by  a  partial  transmission  of  immunity  from  the  mother.  The  rela- 
tive frequency  of  the  contagious  infections  in  childhood  is  to  be 
explained  chiefly  by  the  fact  that  these  diseases  confer  an  immunity 
upon  the  patient,  and  are  hot  seen  in  adult  life  because  of  the  im- 
munity acquired  in  childhood.  The  problem  of  susceptibility  and 
immunity  is,  however,  very  complex,  and  undoubtedly  there  exists 
in  the  undeveloped  tissues  of  the  growing  child  an  increased  sus- 
ceptibihty  toward  certain  infections. 

The  mucous  membrane  of  the  respiratory  tract  is  particularly^ 
liable  to  infection  in  early  life,  and  the  inflammatory  lesions  caused 
by  infection  are  the  commonest  foimd  at  autopsies  on  children. 
Pneumonia  is  very  conunon,  and  the  lungs  are  rarely  found  normal 
at  autopsy  after  an  acute  infectious  disease  of  long  duration.  The 
great  frequency  of  acute  inflammation  of  the  middle  ear  is  also  a 
very  notable  feature  in  the  pathology  of  infancy  and  early  childhood. 
The  nose,  throat,  and  larynx  show  about  the  same  susceptibiUty  to 
catarrhal  inflammation  as  in  the  adult.  The  mouth,  however,  is 
peculiarly  liable  to  lesions  in  childhood,  both  of  infectious  and  of 
traumatic  origin. 

There  is  a  marked  difference  between  childhood  and  adult  Ufe 
in  the  character  of  the  lesions  found  in  the  heart.  In  infants,  prac- 
tically the  only  lesions  found  are  of  congenital  origin.  In  older 
children,  the  heart,  both  endocardium  and  pericardium,  are  partic- 
ularly liable  to  the  inflammatory  lesions  characteristic  of  acute  in- 
fection. The  lesions  due  to  chronic  endocarditis  and  its  mechan- 
ical effects,  are  less  common  than  in  adult  life.  At  autopsy,  acute 
endocarditis  or  pericarditis  is  the  usual  finding  in  cardiac  cases. 

Arteriosclerosis,  and  the  whole  group  of  lesions  secondary  to  vascu- 
lar changes,  which  are  found  in  all  the  organs  of  the  body,  and  which 
play  so  important  a  part  in  the  pathology  of  adult  Ufe,  are  almost 
unknown  in  childhood.     Such  conditions  are  angina  pectoris,  chronic 


III.     SYMPTOMATOLOGY  AND  DIAGNOSIS 

THE  HISTORY 

The  first  step  in  the  diagnosis  and  treatment  of  a  diseased  con- 
dition is  the  obtaining  of  the  history.  Here  at  once  are  encountered 
conditions  fundamentally  different  from  those  met  with  in  dealing 
with  disease  in  adults.  A  child  cannot  give  a  description  of  its 
symptoms,  and  consequently  the  history  must  be  obtained  from  a 
parent,  nurse,  or  other  attendant.  This  is  particularly  the  case  with 
very  young  children,  who  are  not  able  to  describe  any  symptoms 
nor  to  answer  any  questions,  and  with  children  in  the  first  years  of 
life,  the  entire  history  of  the  case  must  be  obtained  from  the  parent. 
Older  children  are  able  to  tell  their  stories,  and  describe  their  symp- 
toms, but  their  powers  of  description  are  often  very  deficient,  and 
their  statements  very  misleading.  Even  in  older  children,  the  main 
source  of  information  is  the  story  of  the  parent,  corroborated  and 
assisted  by  what  the  children  are  able  to  tell.  For  this  reason, 
subjective  symptoms  play  a  comparatively  small  part  in  the  symp- 
tomatology of  infancy  and  early  childhood,  and  such  as  can  be  ob- 
tained have  to  be  accepted  at  second  hand.  As  far  as  the  history 
is  concerned,  particularly  in  young  children,  the  physician  is  com- 
pelled to  rely  on  the  objective  symptoms  as  observed  and  reported 
by  another  person,  usually  the  mother,  whose  powers  of  observation 
and  description  are  not  trained,  and  are  often  very  inadequate.  This 
tends  to  diminish  the  importance  of  this  history  in  early  Ufe.  It 
must  not  be  assiuned,  however,  that  the  history  is  not  important. 
The  physician  must  understand  the  conditions  under  which  it  is 
obtained,  and  the  comparative  degree  of  importance  to  be  attached 
to  the  various  symptoms  reported. 

It  is  often  supposed  by  the  laity,  and  even  by  physicians  who  are 
not  trained  in  the  diagnosis  of  disease  in  early  life,  that  this  diffi- 
culty in  obtaining  a  history  constitutes  one  of  the  chief  difficulties 
in  pediatric  practice.  It  is  often  said  that  practice  among  babies 
must  be  especially  difficult  "  because  they  cannot  tell  how  they 
feel."  It  is  not  true  that  this  constitutes  an  especial  difficulty,  but 
it  is  rather  that  it  constitutes  a  need  for  special  training.  The 
pediatrist  must  become  especially  practiced  in  the  observation  and 
interpretation  of  objective  symptoms.  Moreover,  the  inability  of 
the  patient  to  tell  "how  he  feels"  presents  a  distinct  advantage 
from  certain  pomts  of  view.  The  long  accounts  of  feelings  pre- 
sented by  sick  adults,  often  exaggerated  by  the  results  of  prolonged 
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auto-suggestion  whicti  may  even  amount  to  hypochondriasis,  are  not 
of  much  value  in  diagnosis,  and  are  often  actively  misleading.  In 
children,  the  clinical  picture  is  often  all  the  more  clear-cut,  from  the 
absence  of  subjective  symptoms. 

In  obtaining  the  history  it  is  well  to  let  the  mother  tell  the  story 
first  without  cross-examination.  When  the  story  is  complete,  the 
physician  should  begin  his  questioning,  not  with  the  family  history 
or  previous  history,  but  with  the  present  illness.  It  is  very  dis- 
concerting to  a  mother,  whose  mind  is  earnestly  bent  on  describing 
clearly  the  illness  of  the  child,  and  who  has  just  completed  her  story, 
to  be  immediately  asked  what  her  other  children  died  of,  and  whether 
there  is  tuberculosis  in  the  family.  Such  questions  give  the  im- 
pression that  the  physician  is  merely  proceeding  by  rote,  that  he  is 
not  interested  in  her  story,  nor  in  the  real  trouble  with  the  child, 
and  they  tend  to  trouble  and  confuse  her.  The  physician  should  begin 
by  asking  questions  on  the  various  points  mentioned  in  the  mother's 
story,  with  a  view  to  bringing  out  and  defining  the  various  symp- 
toms. He  should  then  ask  the  questions  necessary  for  the  completion 
of  the  history  of  the  present  illness.  The  family  and  previous  his- 
tory can  just  as  well  be  obtained  after  the  story  of  the  present  illness 
is  complete. 

SIGNIFICANCE  OF  SYMPTOMS  IN  EARLY  LIFE.  In 
children,  as  compared  with  adults,  subjective  symptoms  are  less 
marked,  while  objective  symptoms  are  more  marked.  In  infants, 
the  symptoms  reported  by  the  mother  are  all  objective.  It  must 
be  remembered  that  there  is  often  an  unconscious  tendency  on  the 
part  of  the  mother  to  exaggerate  the  severity  of  the  objective  signs 
which  she  has  observed.  There  is  also  a  tendency  to  interpret  them 
wrongly,  and  to  call  things  by  misleading  names.  Such  symptoms 
as  loss  of  appetite,  loss  of  weight,  vomiting,  diarrhea,  cough,  con- 
vulsions, restlessness,  insomnia,  and  so  forth,  are  apt  to  be  somewhat 
exaggerated.  On  the  other  hand,  such  symptoms  as  dyspnoea, 
apathy,  clouding  of  the  mentality,  paralysis,  and  others,  are  apt  to 
be  insufficiently  noticed. 

In  older  children,  subjective  symptoms  occur.  There  is  often  an  un- 
conscious tendency  on  the  part  of  both  the  mother,  and  the  physician, 
to  underestimate  the  severity  and  importance  of  subjective  symptoms. 
Such  symptoms  are  not  so  varied,  nor  so  common  as  in  the  adult. 
Fain  is  a  much  less  common  symptom  in  childhood,  and  in  many 
diseased  conditions,  it  is  apparently  less  severe.  When,  however, 
subjective  symptoms  are  present,  they  are  very  important  in  children. 

THE  FAMILY  HISTORY.— In  the  majority  of  cases,  this  should 
begin  with  the  parents.  The  general  health  and  constitutional  vigor 
of  both  parents  should  be  ascertained.  The  diseased  conditions  having 
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most  bearing  on  the  child  are  tuberculosis,  rheumatism,  s^'phJlis  and 
alcoholism.  The  first  two  should  be  inquired  about  specifically.  In 
the  cdse  of  tuberculosis,  the  transmission  from  the  parent  usually 
depends  rather  upon  exposure  to  contagion  than  upon  transmission 
of  the  disease  directly,  or  of  a  hereditary  tendency  toward  the  disease. 
It  is  consequently  advisable  not  to  limit  the  inquiry  to  tuberculosis 
in  the  parents,  but  to  extend  it  n  such  a  way  as  to  ascertain  if  pos- 
sible, whether  the  child  has  ever  come  into  contact  with  a  tuber- 
culous individual.  Neurotic  tendencies  in  the  parents  should  also 
be  ascertained  when  present.  It  is  usually  unnecessary  to  ask  direct 
questions  as  to  syphilis  or  alcoholism,  unless  something  in  the  history 
of  the  present  illness,  or  in  the  physical  examination,  should  suggest 
the  advisabiUty  as  to  inquiries  along  these  lines.  The  number  of 
other  children  living,  and  their  general  health,  should  be  ascertained. 
The  number  of  dead  children,  and  the  cause  of  death,  should  also 
form  part  of  the  record.  Also,  in  connection  with  the  family  history, 
it  is  advisable  to  gain  as  thorough  as  possible  an  insight  into  all  the 
surroundings  of  the  patient.  It  is  particularly  important  to  find  out 
whether  there  has  been  any  recent  exposure  to  contagious  disease. 

PREVIOUS  HISTORY.— There  are  four  points  of  importance 
to  be  elicited  in  the  previous  history  of  the  patient.  These  are, 
(i)  the  circumstances  attending  birth,  (2)  the  feeding  history,  (3)  the 
history  of  development,  and  (4)  the  history  of  previous  illness. 

The  Birth. — The  physician  should  first  inquire  whether  the  child 
was  premature,  or  born  at  full  term.  The  character  of  the  labor 
should  be  inquired  into,  whether  natural,  instrumental,  unduly  pro- 
longed, or  attended  by  complications.  Inquiry  should  be  made  as 
to  whether  the  child  appeared  normal  at  birth,  whether  it  seemed 
vigorous,  whether  it  breathed  promptly,  and  whether  it  took  the 
breast  well.  The  nutrition  of  the  child  during  the  early  days  of  life, 
and  the  existence  of  any  symptoms,  such  as  hemorrhage  or  convul- 
sions, should  be  ascertained. 

The  Feeding. — The  physician  should  next  ask  whether  the  child 
was  breast-fed  or  bottle-fed,  and  if  breast-fed,  how  long  breast  feed- 
ing was  continued,  when  partial  bottle  feeding  was  begun,  and  when 
exclusive  bottle  feeding  was  instituted.  If  the  story  told  by  the 
mother  suggests  that  the  illness  of  the  child  is  in  any  way  connected 
with  nutrition,  or  if  the  problem  presented  is  one  of  feeding,  all  the 
data  concerning  the  diet  history  should  be  obtained  down  to  the 
minutest  detail.  Each  method  of  artificial  feeding  used  should  be 
ascertained,  with  a  full  account  of  just  how  each  food  was  prepared 
for  the  baby,  and  the  various  mixtures  used  in  home  modification 
should  be  translated  by  the  physician  into  terms  of  the  percentages 
of  the  various  food  elements.    The  diet  of  the  child  after  the  first 
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After  the  story  of  the  mother  and  the  cross-examination  analyz- 
ing the  symptoms  are  finished,  it  is  advisable  to  conclude  the  his- 
tory of  the  present  ilhiess  with  a  few  general  questions  as  to  the 
functions  of  the  various  physiological  systems  of  the  body,  which 
have  not  been  included  in  the  story  of  the  mother  or  nurse,  nor  in 
the  physician's  cross-examination.  The  digestive  system  may  be 
investigated  by  questions  as  to  appetite,  the  bowels,  vomiting,  colic, 
flatulence  and  abdominal  pain;  the  respiratory  system  by  questions 
as  to  cough,  dyspnoea,  respiratory  obstruction,  and  pain  in  the 
chest;  the  circulatory  system  by  questions  as  to  shortness  of  breath, 
precordial  pain,  palpitation,  and  edema;  the  nervous  system  by 
questions  as  to  headache,  night  terrors,  restlessness,  insomnia,  con- 
vulsions, and  paralysis;  the  urinary  system  by  questions  as  to  the 
frequency  and  amount  of  micturition,  pain  on  micturition,  and  the 
amount  and  appearance  of  the  urine. 

Finally,  the  mother  or  nurse  should  be  asked  what  in  her  opinion 
is  the  chief  complaint,  the  sympton>  which  has  mainly  caused  her  to 
seek  medical  assistance,  and  which  most  requires  relief. 

THE  PHYSICAL  EXAMINATION 

If  the  history  of  the  symptoms  in  the  young  child  is  of  less  diag- 
nostic significance  than  in  the  adult,  the  physical  examination  is 
of  proportionately  greater  importance. 

METHOD  OF  EXAMINING  A  CHILD.— The  method  of  exam- 
ining a  child  is  quite  different  from  that  pursued  with  adults.  In 
the  first  place,  the  order  of  examination  is  different.  The  child  will 
be  either  crying  or  not  crying.  If  it  be  not  crying,  it  is  best  to  begin 
with  that  part  of  the  physical  examination  with  which  crying  most 
interferes.  Crying  interferes  most  with  the  palpation  of  the  abdomen, 
and  next  with  the  auscultation  of  the  heart.  If  the  physician  is  accus- 
tomed to  the  examination  of  children,  crying  will  not  interfere  with 
the  auscultation  of  the  lungs,  but  it  is  sometimes  useful  to  auscult 
the  lungs  with  the  child  quiet  as  well  as  crying.  Consequently,  if 
the  child  be  quiet,  it  is  best  to  palpate  the  abdomen,  auscult  the 
heart,  and  then  auscult  the  lungs,  at  the  very  beginning  of  the  exam- 
ination. If  the  child  be  crying,  these  examinations  should  be  post- 
poned till  the  end,  in  the  hope  that  the  child  will  stop  crying.  The 
examination  of  the  mouth,  throat,  and  ears  should  always  be  post- 
poned to  the  end,  for  if  the  child  be  not  crying  and  resisting,  this 
examination  will  almost  certainly  cause  it  to  do  so. 

The  time  which  is  consumed  in  the  physical  examination  of  a 
child  is  important.  Prolonged  handling  of  a  child,  or  a  prolonged 
struggle  with  a  resisting  child,  is  very  harrowing  to  the  mother.  In 
the  adult,  the  element  of  time  is  not  so  important,  but  the  pediatrist 
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child  lying  across  the  mother's  knees.  Placing  the  child  on  its  back 
on  a  table  or  bed  is  often  more  apt  to  frighten  it  than  if  it  be  examined 
on  its  mother's  lap,  and  in  many  cases  it  is  better  to  conduct  the 
examination  with  the  child  in  the  latter  position.  This  is  especially 
the-  case  in  examinations  conducted  in  the  home,  where  good  exam- 
ining tables  are  not  always  available. 

Examination  of  a  Young  Infant  on  the  Mother's  Lap. — The 
naked  child  is  first  placed  on  its  back  across  the  mother's  knees' 
and  the  front  of  the  body  is  examined.  If  the  child  be  quiet,  the 
physician  begins  with  the  palpation  of  the  abdomen,  and  follows 
with  the  auscultation  of  the  heart  and  lungs.  Then  he  proceeds  to 
the  general  examination  of  the  body,  and  to  the  examination  of  the 
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cranium,  fades,  eyes,  and  neck.  Next  he  completes  the  examination 
of  the  front  of  the  chest  and  the  abdomen,  and  examines  the  extremi- 
ties and  reflexes.  The  child  is  then  turned  face  down  and  the 
back  of  the  chest,  the  spine,  the  buttocks,  and  the  anus  are  exam- 
ined.    The  mouth,  throat,  and  ears  are  examined  last. 

Examination  of  an  Older  Infant  or  Young  Child  on  the 
Mother's  L.\p. — The  child  should  sit  upon  the  lap  of  the  mother 
or  nurse,  leaning  back  upon  the  middle  of  her  body,  not  held  in  the 
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)w  of  one  arm.  In  this  position,  the  physician  first  notes  the 
ts  included  in  the  general  examination  of  the  body.  He  next 
nines  the  head  as  far  as  external  inspection  and  palpation  are 
erned,  which  includes  the  cranium,  facies,  eyes,  and  neck,  leav- 
the  mouth,  throat  and  ears  for  the  end.  He  then  examines  the 
t  of  the  diest,  the  extremities,  and  the  reflexes.  If  the  child 
Tgles,  or  attempts  to  interfere  with  the  examination  by  grabbing 
le  stethoscope  or  at  the  hands  of  the  physician,  the  mother  should 
aught  to  grasp  each  of  the  child's  arms  firmly  just  above  the 
ws,  and  to  hold  them  close  to  the  sides  of  the  body.  When  the 
lination  of  the  front  of  the  body  is  complete,  the  child  should 
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imed  with  its  back  to  the  physician,  and  held  upright  if  an 
t,  kneeling  if  larger,  with  its  head  on  the  mother's  shoulder,  . 
ler  arm  around  its  hips.  In  this  position  the  back  of  the  chest 
imined.  The  diaper  is  then  removed,  and  the  baby  is  placed 
i  back  across  the  mother's  knees,  for  examination  of  the  abdo- 
then  turned  face  down  for  examination  of  the  spine,  buttocks 
.nus.  If  the  child  be  too  large  to  lie  across  the  mother's  knees, 
last  part  of  the  examination  must  be  performed  on  a  table  or 
bed. 
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Examination  Upon  a  Table. — This  is  performed  in  the  same 
manner  as  with  the  young  child  across  its  mother's  knees.  If  the 
child  struggles  or  resists,  the  mother  or  nurse  should  stand  on  the 
opposite  side  of  the  table,  and  place  one  hand  on  the  child's  two 
hands,  holding  them  stretched  above  its  head,  and  pinning  them 
firmly  to  the  table,  while  the  other  hand  grasps  both  ankles.  If 
the  child  is  too  big  to  be  held  in  this  way,  the  mother  or  nurse  should 
stand  at  the  head  of  the  table,  and  grasping  each  of  the  child's  hands 
in  one  of  hers,  should  hold  them  firmly  to  the  table  close  to  its  sides. 
This  will  prevent  the  child  from  getting  up  or  turning  over,  but  the 
physician  must  be  prepared  to  dodge  the  kicking  heels.  It  is  some- 
times advisable,  in  examining  the  back  of  the  chest,  to  have  the 
child  sitting  on  the  table  with  its  back  bent  forward,  rather  than 
lying  upon  its  face. 

Fig.  i6 


Examination  of  the  Mouth  and  Throat. — The  child  should  sit 
upright  on  the  lap  of  the  mother  or  nurse,  facing  the  light  if  a  head- 
mirror  is  not  used,  with  the  light  behind  if  a  head-mirror  is  used. 
The  strongest  possible  light  is  desirable.  The  essential  feature  of 
the  position  for  the  examination  of  the  throat  is  that  the  child  shall 
be  held  with  its  back  reclining  against  the  middle  of  the  mother's 
or  nurse's  body,  not  in  the  crook  of  her  arm.    The  mother  then 
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nutrition^  size,  weight,  skin,  position  of  the  body,  mental  condition, 
lymph  nodes,  bones,  joints,  and  muscles. 

The  Nutrition,  Size  and  Weight,  are  estimated  by  inspection. 
This  first  estimate  will  be  confirmed  later  by  weighing  and  measure- 
ment. The  amount  of  subcutaneous  fat  can  be  judged  at  this  time 
by  inspection  and  palpation.  It  is  essential  that  the  physician  should 
be  familiar  with  the  growth  of  the  normal  child  in  length  and  weight, 
as  described  in  the  section  on  Normal  Development. 

The  Skin. — The  skin  should  be  thoroughly  examined  for  visible 
lesions.  The  most  significant  in  early  life  are  eruptions,  ecchymoses, 
desquamation,  cicatrices,  edema,  sclerema,  and  angioneurotic  edema. 
The  color  of  the  skin  should  be  noted  for  pallor,  cyanosis,  and  icterus. 
It  must  be  remembered  that  the  color  of  the  skin  is  not  so  reliable 
an  indication  of  anemia  and  cyanosis  as  is  that  of  the  visible  mucous 
membrane.  Edema  is  recognized  by  the  fact  that  the  swelling  is 
most  marked  about  the  eyes,  on  the  dorsum  of  the  feet,  on  the  legs, 
and  on  dependent  portions,  that  the  color  of  the  skin  is  normal  or 
pale,  that  the  swelling  is  not  hard  nor  accompanied  by  rigidity,  and 
that  il  pits  on  pressure.  Sclerema  is  seen  only  in  the  newborn,  or 
in  very  feeble  infants,  the  color  of  the  skin  is  normal  or  slightly 
bliush.  the  swelling  is  hard  and  accompanied  by  rigidity,  and  it 
does  not  pit  on  pressure.  Angioneurotic  edema  is  usually  circum- 
scribed, and  somewhat  pink  in  color,  is  often  accompanied  by  itching, 
and  does  not  pit  on  pressure.  It  should  also  be  noted  whether  the 
skin  is  hot  or  cold,  moist  or  dry,  smooth  or  rough,  thin  or  thick. 
Rarer  lesions  sometimes  seen  in  children  are  emphysema,  rheumatic 
nodules,  tumors,  moles,  and  parasites.  The  bluish-black  "mongolian 
spots,"  sometimes  seen  in  the  sacral  and  gluUal  regions,  have  no 
diagnostic  significance. 

Position  of  the  Body. — 'l"his  is  often  of  diagnostic  significance, 
and  should  always  be  noted.  A  child  may  have  a  tendency  to  lie 
on  one  side  or  the  other,  to  lie  with  the  legs  drawn  up  or  the  limbs 
in  an  abnormal  position,  or  the  spine  may  be  abnormally  curved 
either  forward  or  backward. 

Mental  Condition. — This  is  one  of  the  most  important  points 
in  the  physical  examination  of  the  sick  child.  A  fairly  accurate 
estimate  of  the  mental  condition  can  usually  be  made  by  inspection 
in  the  general  examination  of  the  body,  although  at  times  abnor- 
malities can  only  be  recognized  by  the  special  testing  of  the  condi- 
tion of  the  nervous  system  which  is  carried  out  later.  The  physician 
should  note  carefully  the  child's  reaction  to  its  surroundings,  and 
in  particular,  how  it  reacts  to  the  examination.  Thorough  famili- 
arity with  the  behavior  of  normal  children  at  every  age  is  essential. 
The  physician  should  note  whether  the  child  follows  his  movements 
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or  extremities  it  is  most  often  seen  after  over-exercise.  Tenderness 
of  the  muscles  of  the  abdominal  wall  is  met  with  after  excessive 
coughing  or  vomiting. 

TEMPERATitRE. — The  period  of  the  examination  at  which  the 
temperature  is  taken  depends  on  circumstances.  If  the  child  is 
quiet,  it  is  often  best  to  postpone  it  till  the  end  of  the  general  exami- 
nation, just  before  the  examination  of  the  throat.  It  should  always 
be  taken  either  by  mouth  or  by  rectum;  temperature  taken  in  the 
axilla  or  groin  cannot  be  relied  upon.  Whenever  a  chOd  is  too  young 
to  hold  the  thermometer  properly  in  the  mouth,  the  temperature 
should  be  taken  by  rectum. 

Fic.  t8 


Obtaining  pulse  rale  in  infants 

Pulse. — This  is  usually  best  examined  during  the  general  examina- 
tion of  the  body,  but  if  the  attempt  to  take  the  pulse  appears  to  annoy 
the  child,  it  can  well  be  postponed  until  later,  and  taken  in  connection 
with  the  examination  of  the  heart,  the  limbs,  or  the  taking  of  the 
temperature.  The  points  to  be  noted  are  the  rate,  rhythm,  volume, 
compressibility,  and  character  of  the  wave.  In  cases  showing  signs 
of  circulatory  disturbance,  the  radial  pulse  should  be  compared  with 
the  ausculted  heart  sounds,  and  the  capillary  pulse  should  be.sought. 

The  normal  pulse  rate  at  the  different  ages  is  given  in  the  section 
on  Normal  Development.    It  must  be  remembered  that  an  entirely 
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by  a  flattened  bridge  of  the  nose,  narrowing  of  the  face  toward  the 
chin,  prominent  upper  lip,  and  obliteration  of  the  naso-labial  folds. 
There  is  an  "abdominal  fades,"  often  seen  in  severe  abdominal  dis- 
orders such  as  peritonitis  or  intussusception,  which  is  characterized 
by  a  peculiar  sunken-eyed  appearance  difficult  to  describe,  but  easy 
to  recognize.  There  is  also  a  cerebral  facies,  seen  in  patients  with 
severe  acute  intracranial  lesions  such  as  meningitis,  characterized  by 
a  peculiar  staring  expression. 

Facial  paralysis  is  recognized  by  inspection  of  the  face,  but  is 
often  overlooked  unless  the  child  laughs  or  cries.  In  repose,  the 
chief  sign  is  obliteration  of  the  naso-labial  fold  on  one  side;  on  crying, 
the  lessened  movement  on  one  side  is  plainly  apparent. 

The  Eyes  are  inspected  for  inflammation  of  the  conjunctiva, 
icteric  staining  of  the  conjunctiva,  conjunctival  discharge,  strabismus, 
nystagmus,  and  inequalities  of  the  pupil. 

Inflammation  and  conjunctival  discharge  suggest  infection,  and  a 
purulent  discharge  should  always  be  examined  bacteriologically. 
Nystagmus  and  irregularities  of  the  pupils  suggest  either  disease  of 
the  central  nervous  system,  or  local  disease  of  the  eye.  I  have 
often  seen  nystagmus  in  albinos.  In  connection  with  strabismus,  it 
should  be  remembered  that  coordination  is  not  well  established  in 
young  infants,  and  a  normal  baby  does  not  fix  its  eyes  until  it  begins 
to  recognize  objects  at  about  the  age  of  six  weeks,  or  even  somewhat 
later.  In  these  early  weeks,  temporary  and  varying  strabismus  is 
of  no  diagnostic  significance.  A  constant  strabismus  is  suggestive 
of  a  congenital  abnormality  of  the  muscles  of  the  eyeball.  In  older 
infants  and  children,  if  strabismus  be  found,  it  is  necessary  to  ascer- 
tain if  the  condition  has  been  present  since  birth,  in  which  case  it 
is  due  to  the  same  local  cause.  If  the  strabismus  has  not  been  pres- 
ent from  birth,  but  has  developed  as  a  symptom  of  the  present  ill- 
ness, it  is  important  in  diagnosis,  pointing  toward  a  disturbance  of 
the  central  nervous  system. 

The  pupillary  reaction  can  best  be  tested  at  this  period  of  the 
examination.  The  test  is  best  performed  either  by  bringing  a  Hght 
from  above  downward  in  front  of  the  eyes,  or  by  suddenly  snapping 
on  a  pocket  flash-hght  held  in  front  of  the  eyes.  The  normal  reac- 
tion to  light  is  present  immediately  after  birth.  Failure  to  react 
suggests  disease  of  the  central  nervous  system.  It  is  useless  to 
attempt  to  test  the  reaction  to  accommodation  in  infants  and  young 
children. 

The  Nose,  in  routine  examination,  is  investigated  by  simple 
external  inspection.  The  most  important  signs  in  diagnosis  are 
widening  of  the  bridge  of  the  nose,  and  discharge  from  the  nostrib. 
In  infancy  and  early  childhood  the  bridge  of  the  nose  is  normally 
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litis.  There  are  two  appearances  in  young  infants  which  must  not 
be  mistaken  for  any  of  the  above  lesions,  namely,  Epstein's  pearts, 
and  Bednar's  aphthae.  The  former  are  one  or  more  small  white  or 
yellowish-white  nodules  in  the  median  line  of  the  hard  palate  near 
its  junction  with  the  soft  palate,  and  are  accumulations  of  epithelial  ■ 
cells.  The  latter  are  symmetrical  erosions  or  ulcerations  of  mechan- 
ical origin  on  each  side  of  the  hard  palate  where  the  mucous  mem- 
brane over  the  tips  of  the  sphenoidal  hamuiar  processes  is  very  thin. 

The  shape  of  the  roof  of  the  mouth  should  be  noted.  It  is  flatter 
in  infancy  than  in  later  childhood.  While  normal  variations  in  the 
arch  of  the  hard  palate  are  very  great,  excessive  arching  is  suggestive 
of  obstruction  to  nasal  respiration,  the  most  common  cause  being 
adenoids. 

The  tongue  is  next  inspected.  The  physician  should  note  whether 
it  is  pale,  red,  cyanotic,  dry,  moist,  smooth,  rough,  or  coated.  The 
mouth  is  normally  relatively  dry  in  early  infancy.  Later  the  salivary 
secretion  increases  rapidly  in  amount,  and  until  the  infant  learns 
'  to  swallow  it,  drooling  is  a  normal  condition.  The  tongue  is  nor- 
mally lightly  coated  during  early  infancy.  The  size  of  the  tongue 
should  be  noted.  Enlargement  and  protrusion  may  rarely  represent 
a  congenital  malformation,  but  is  more  often  a  sign  of  cretinism. 
The  tongue  may  show  any  of  the  lesions  characteristic  of  the  various 
forms  of  stomatitis,  and  of  syphilis.  Ulceration  of  the  under  sur- 
face of  the  tongue  about  the  frenum,  as  a  result  of  the  mechanical 
irritation  of  the  lower  incisor  teeth,  is  not  uncommon  in  infancy. 
The  frenum  should  also  be  inspected  for  tongue-tie.  The  mucous 
membrane  of  the  tongue  in  children  may  show  the  peculiar  appear- 
ance of  "geographical  tongue."  Enlargement  of  the  papillae  of  the 
tongue  is  an  important  sign  of  scarlet  fever. 

The  Throat. — The  proper  position  of  the  child  in  the  examina- 
tion of  the  throat  has  already  been  described.  If  the  child  refuses 
to  open  its  mouth,  the  tongue  depressor  can  usually  be  worked  in 
gradually  from  the  side,  being  pushed  in  little  by  little  when  the 
child  cries.  It  is  rarely  necessary  to  pinch  the  nose.  As  soon  as 
the  depressor  is  over  the  tongue,  downward  pressure  will  cause  the 
child  to  open  the  mouth.  It  is  necessary,  in  examining  the  throat, 
to  make  the  child  gag.  This  cannot  be  accomplished  by  pressure 
upon  the  front  or  middle  of  the  tongue,  but  the  depressor  is  placed 
on  the  back  of  the  tongue  and  pressed  downward  and  forward.  The 
physician  should  practice  his  powers  of  observation  so  that  he  sees 
all  there  is  to  see  in  a  brief  space  of  time. 

In  the  examination  of  the  throat,  all  visible  portions  of  the  mucous 
membrane  should  be  inspected  for  redness,  eruptions,  exudate,  ulcera- 
tion, and  membrane.    The  localization  of  any  of  these  signs,  whether 
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finger,  or  with  a  gag  if  the  child  be  too  large.  The  right  fore&nger  is 
introduced  into  the  mouth  with  its  dorsum  downward.  In  reaching 
the  naso-pharyiuc,  care  must  be  taken  to  hook  the  finger  under  the 
soft  palate,  for  if  the  soft  palate  be  pushed  ahead  of  the  finger,  a 
very  false  impression  will  be  gained  from  palpation. 

The  Larynx. — Inspection  of  the  larynx  is  so  difficult  in  children, 
that  laryngoscopy  is  only  undertaken  in  special  cases.  Most  of  the 
common  diseased  conditions  in  the  larynx  can  be  recognized  by  the 
sound  of  the  respiration,  the  sound  of  the  voice,  and  the  character 
of  the  cough. 

The  Ear. — Examination  of  the  ears  in  childreii  Is  somewhat  dis- 
turbing, and  need  not  be  a  part  of  the  regular  routine  in  every  Variety 
of  case.  When  a  satisfactory  explanation  of  the  symptoms  is  found 
elsewhere,  as  in  a  case  of  gastro-intestinal  or  nutritional  disorder 
without  fever,  there  is  no  necessity  of  examination  of  the  ears.  The 
ears,  however,  should  always  be  examined  as  a  routine  under  the 
following  circumstances:  (i)  When  there  is  fever,  or  when  there  are 
any  symptoms  which  could  be  caused  by  otitis,  which  are  not  ade- 
quately explained;  (2)  in  all  acute  infectious  diseases,  and  the  exami- 
nation should  be  frequently  repeated  in  the  course  of  the  disease; 
(3)  whenever  there  are  any  symptoms  suggesting  otitis  media.  It 
must  be  remembered  that  disease  of  the  middle  ear  in  childhood  exists 
more  often  without  symptoms  than  with  them,  and  cannot  be  rulad 
out  by  the  absence  of  such  symptoms  as  discharge,  pain,  putting  the 
hand  to  the  head,  restlessness,  mastoid  tenderness,  or  even  fever. 
The  ear  is  examined  with  a  head  mirror  and  a  speculum.  A  speci- 
ally small  speculum  is  needed  for  the  examination  of  an  infant's  ears. 
It  must  be  remembered  that  the  direction  of  the  external  auditory 
canal  is  different  in  infants,  and  that  to  straighten  the  canal  the  ear 
must  be  pulled  downward  and  a  little  forward,  instead  of  upward 
and  backward  as  in  older  children  and  adults. 

The  points  to  be  looked  for  are  reddening  of  the  drum,  bulging  of 
the  drum,  and  disappearance  of  the  landmarks.  The  drum  is  more 
horizontal  in  infancy  than  later. 

The  Neck. — Among  the  most  important  physical  signs  in  early 
life  are  rigidity  of  the  neck,  tenderness  of  the  back  of  the  neck,  and 
retraction  of  the  bead.  Examination  with  reference  to  these  signs 
should  be  made  with  every  sick  child.  The  proper  method  for  the 
physician  is  to  place  both  hands — one  from  each  side — behind  the 
occipital  region  of  the  head.  The  head  is  tilted  forward  and  back 
for  rigidity,  and  then  the  physician  presses  on  the  back  of  the  neck  ' 
for  tenderness.  Retraction  of  the  head  is  recognized  by  inspection. 
These  signs  are  by  no  means  diagnostic  of  meningitis,  but  suggest 
meningeal  irritation,  whether  from  infection  or  from  toxemia.     The 
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!d  also  be  examined  with  reference  to  torticollis,  spinal 
venous  fulness,  abnormal  pulsation,  abnormal  swellings, 
ement  of  the  salivary  glands,  thyroid,  or  lymph  nodes. 


Examination  for  rigidity  of  tlie  neck 

HEST.  Inspection. — The  chest  is  examined  with  refer- 
;e,  shape,  symmetry,  mobility,  and  deformities.  The  nor- 
arities  of  the  size  and  shape  of  the  chest  in  infants  and 
dren  has  been  described  in  the  section  on  Normal  Develop- 
le  most  common  deformities  of  the  chest  in  the  first  two 
e  are  due  to  rickets,  and  are  enumerated  under  the  descrip- 
t  disease.  The  physician  should  look  in  particular  for  the 
)sary,  consisting  of  bead-like  enlargements  at  the  junc- 
:  ribs  with  their  cartilages.  Flattening  of  the  sides  of  the 
ng  of  the  lower  ribs,  Harrison's  groove,  "pigeon  breast," 
lest,"  should  all  be  looked  for.  The  last  is  more  often  a 
malformation  than  due  to  rickets.  Marked  deformity  of 
in  infants  is  sometimes  produced  by  certain  less  common 
I  have  seen  it  as  a  very  conspicuous  feature  of  con- 
monary  atelectasis,  and  of  myatonia  congenita.  Deformity 
St  in  older  children  is  caused  most  commonly  by  tuber- 
the  spine,  disease  of  the  pleural  cavities,  and  paralysis 
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or  weakness  of  the  muscles.  Prominence  of  the  region  of  the  sternum 
is  seen  in  forms  of  cardiac  disease  associated  with  marked  enlarge- 
ment of  the  heart.  The  amount  and  character  of  this  deformity  is 
valuable  as  evidence  as  to  the  period  in  life  when  the  cardiac  disease 
was  acquired.  In  congenital  cardiac  enlargement,  the  prominence 
is  most  marked  in  the  middle  of  the  sternum,  the  curve  receding  both 
above  and  below.  In  cardiac  disease  accfuired  in  early  life,  the 
prominence  is  most  marked  over  the  lower  part  of  the  sternum. 
In  cardiac  enlargement  acquired  late  in  childhood,  there  is  usually 
no  precordial  prominence. 

Palpation. — The  rachitic  rosary  is  not  always  evident  to  in- 
spection, and  should  always  be  sought  by  palpation.  It  must  be 
remembered  that  in  thin  babies,  the  line  of  junction  of  the  ribs  with 
their  cartilages  is  palpable.  The  rosary  is  recognized  by  the  fact 
that  the  prominence  can  be  felt  at  the  sides  of  the  junction  as  well 
as  just  at  the  point  of  junction 

THE  THYMUS. — The  normal  thymic  dulness  in  infancy  is  very 
difficult  to  detect.  Very  light  percussion  will  show  slight  dulness 
under  the  manubrium,  which  in  my  experience  is  continuous  with 
the  cardiac  dulness,  although  some  writers  state  that  there  is  a  zone 
of  vesicular  resonance  between.  The  thymic  dulness  is  said  to  dimi- 
nish gradually  and  to  disappear  at  about  six  years.  Practically, 
any  marked  degree  of  dulness  under  the  manubrium  should  suggest 
enlargement  of  the  thymus,  but  this  diagnosis  cannot  be  made  with 
any  certainty  on  routine  physical  examination.  The  thymus  may 
normally  extend  a  little  above  the  sternal  notch  but  is  not  palpable; 
if  it  is  felt  in  this  region,  it  is  certainly  enlarged. 

THE  HEART.  Inspection.— The  precordia  should  first  be  in- 
spected for  pulsation,  and  the  position  of  the  apex  beat  should  he 
noted.  It  must  be  remembered  that  in  early  infancy  the  cardiac 
impulse  is  normally  rarely  visible  and  is  often  not  palpable.  In 
childhood,  on  the  other  hand,  the  impulse  is  relatively  more  distinct 
than  in  the  adult.  The  physician  should  also  note  the  character  of 
the  impulse,  whether  localized  or  diffuse,  faint  or  forcible. 

Palpation. — The  evidence  obtained  by  inspection  as  to  the  car- 
diac impulse  should  be  confirmed  by  palpation.  In  placing  the 
position  of  the  apex  beat  (which  means  the  point  .farthest  out  and 
down  in  which  the  impulse  is  visible  or  palpable),  the  physician 
should  remember  the  anatomical  conditions  characteristic  of  infancy 
and  early  childhood.  In  infancy,  the  apex  beat  is  normally  higher 
up  and  farther  out  than  in  later  life.  At  this  age  it  is  in  the  fourth 
interspace,  about  i  cm,  {3/8  in.)  outside  the  nipple  line.  From 
this  point  it  gradually  moves  inward  and  downward,  reaching  the 


— Normal  areas  of  dulness  to  percussion  of  the  front  of  the  chest 

A.  Hepatic  dulness 

B.  Superficial  or  absolute  cardiac  dulness 

C.  Deep  or  relative  cardiac  dulness 
Thymic  dulness  in  an  infant 
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much  diagnostic  significance.  Reduplication  of  the  second  sound 
is  also  often  heard  in  normal  chUdren,  and  should  not  be  considered 
pathological  unless  there  are  other  evidences  of  cardiac  disease. 

The  presence  of  such  adventitious  sounds  as  murmurs  and  friction- 
rubs  should  be  carefully  noted.  With  reference  to  murmurs  the 
following  points  should  be  recorded:  (i)  The  region  in  which  they 
are  heard  and  their  point  of  greatest  intensity;  (2)  their  time  with 
reference  to  the  cardiac  cycle  —  systolic,  presystolic,  or  diastolic;  (3) 
their  loudness;  (4)  their  character — soft,  harsh,  or  musical;  (5)  their 
transmission— whether  they  are  heard  in  the  axilla,  back,  or  over 
the  vessels  of  the  neck;  (6)  whether  or  not  they  replace  the  heart 
sounds.  It  is  to  be  remembered  that  in  the  first  two  or  three  years 
of  life,  murmurs  due  to  acquired  cardiac  disease  are  very  uncommon. 
At  this  age,  murmurs  are  either  functional,  or  represent  a  congenital 
cardiac  lesion.  The  physician  in  considering  the  relative  weight  of 
evidence  pointing  toward  the  functional  or  organic  origin  of  a  murmur, 
should  remember  that  in  an  infant,  if  the  evidence  points  toward  organic 
disease,  the  lesion  is  usually  congenital.  The  significance  of  murmurs 
will  be  considered  in  detail  in  the  division  on  Diseases  of  the  Heart. 

LUNGS,  Inspection, — The  observations  as  to  the  rate  and  char- 
acter of  the  respiration,  and  as  to  the  presence  or  absence  of  cough, 
have  been  made  during  the  general  preliminary  examination  o'  the 
body.  The  physician  should  therefore  note  whether  the  movement 
of  the  chest  on  both  sides  is  equal,  whether  there  is  inspiratory 
retraction  of  the  intercostal  spaces,  and  whether  there  is  increased 
circumference  of  one  side  with  bulging  of  the  intercostal  spaces. 

Palpation. — Palpation  over  the  lungs  is  used  to  determine  whether 
there  is  increase  or  diminution  in  the  tactile  fremitus  caused  by  the 
voice  sounds.  This  is  much  less  useful  in  children  than  in  adults, 
because  in  many  cases  it  can  only  be  obtained  when  the  child  is 
crying,  and  the  crying  voice  sounds  are  so  loud,  and  the  chest  wall 
so  thin,  that  the  finer  differences  cannot  be  detected.  It  is  also  less 
valuable  in  diagnosis,  especially  in  young  children,  as  good  tactile 
fremitus  is  often  felt  over  an  effusion.  In  older  children,  who  are 
able  to  speak  as  ordered  by  the  physician,  the  results  of  palpation 
are  more  valuable.  The  tactile  fremitus  should  always  be  tested, 
but  the  physician  should  not  rely  too  much  on  its  results  in  young 
children,  as  compared  with  the  results  of  other  methods  of  examina- 
tion.   Rales  are  often  palpable  in  young  children. 

Percussion.^ — ^It  is  more  difficult  in  infancy  and  early  childhood 
to  recognize  changes  in  the  percussion  note,  than  in  later  childhood. 
When  a  young  child  is  crying  hard,  the  resonance  of  all  parts  of 
the  lungs  is  impaired.  When,  however,  a  clear  difference  in  the 
resonance  of  the  two  sides  is  made  out,  the  evidence  is  just  as  valu- 
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development.  The  principal  causes  are,  the  shallowness  of  respira- 
tion in  early  Ufe,  »iid  the  greater  proportion  of  bronchial  air  space 
to  alveolar  air  space  in  the  lungs. 

The  respiratory  murmur  in  infants  and  young  children  is  higher 
pitched  and  harsher  thaji  in  the  adult.  If  pitch  be  taken  as  one  of 
the  criteria  by  which  bronchial  respiration  is  recognized,  the  normal 
respiratory  sound  of  the  young  child  approaches  the  bronchial.  But 
the  criteria  used  in  recognizing  bronchial  respiration  in  the  adult, 


Percusdon  of  the  apex  of  the  lungs 

should  not  be  used  in  childhood,  and  should  be  entirely  banished 
from  the  mind  of  the  physician  when  he  is  examining  a  sick  child. 
Unless  he  does  this,  the  harsh,  high  pitched  respiratory  murmur  of 
early  life,  which  is  called  puerile,  will  often  be  mistaken  for  bronchial 
respiration.  The  recognition  of  bronchial  respiration  in  children 
depends  in  no  way  upon  loudness,  harshness,  or  pitch.  It  differs  from 
vesicular  respiration  only  in  the  character  of  the  sound,  and  in  the 
greater  lengtli  of  expiration.  Unfortunately,  the  latter  feature  can- 
not always  be  recognized.  The  expiration  is  frequently  replaced  by 
the  cry;  sometimes  in  young  infants  it  cannot  be  heard  because  the 
child  is  breathing  very  quietly,  and  when  an  attempt  is  made  to 
cause  it  to  draw  a  longer  breath,  it  begins  to  cry,  and  only  inspira- 
tion is  audible.    Prolonged  expiration  is  a  valuable  sign  of  bronchial 
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hood  than  in  later  childhood  and  adult  life.  The  slightly  prolonged 
expiration  heard  at  the  right  apex  in  adults  is  not  found  in  children. 

The  Vocal  Resonance,  like  the  tactile  fremitus,  is  not  so  valu- 
able as  diagnostic  evidence  in  childhood  as  it  is  in  adult  life.  Chil- 
dren cannot  usually  be  made  to  say  "one,  two,  three,"  or  "ninety- 
nine,"  as  can  adults,  and  vocal  resonance  can  only  be  obtained  when 
they  are  crying.  The  child's  cry  is  so  loud,  and  the  chest  walls  are 
so  thin,  that  the  sound  heard  on  auscultation  is  often  too  overpower- 
ing for  an  estimate  of  its  character  and  intensity.  A  pronounced 
degree  of  bronchophany  can  usually  be  heard,  even  when  the  child 
is  crying.  Diminution  in  the  vocal  resonance  is  not  only  more 
difficult  to  detect  in  young  children,  but  is  less  constant  as  a  sign 
of  pleuritic  effusion,  and  is  often  present  over  consolidation  when 
there  is  no  fluid.  In  older  children  the  value  of  the  vocal  resonance 
approaches  that  of  adults.  In  some  cases,  however,  even  in  infants, 
a  change  in  the  voice  sounds  on  one  side  can  be  recognized  before 
any  change  in  the  character  of  the  respiration. 

Rales  have  the  same  character,  varieties,  and  significance  in 
children  as  in  adults,  and  require  no  detailed  description.  They 
are  often  louder  In  infancy  than  in  adults.  One  error  frequently 
made  in  the  examination  of  the  lungs  of  infants  and  young  children, 
is  the  mistaJdng  of  rales  originating  in  the  nose  or  naso-pharynx  for 
true  bronchial  rales.  The  former  are  frequently  transmitted  to  the 
chest,  but  should  easily  be  distinguished  from  rales  coming  from 
the  lungs.  Bronchial  rales  are  never  exactly  alike  over  both  lungs, 
and  are  not  heard  over  the  trachea  or  cheeks,  whereas  rales  made 
in  the  upper  air  passages  have  the  same  sound  over  both  lungs,  the 
trachea,  and  the  cheeks. 

Pleural  Friction  Sounds  are  very  rarely  heard  in  infancy, 
although  pleurisy  is  not  uncommon  at  this  age.  The  reason  for  this 
is  unknown.  In  childhood  they  have  the  same  significance  as  in 
adults,  but  in  my  experience,  are  somewhat  less  commonly  heard. 

THE  ABDOMEN.  Inspection.— The  abdomen  should  be  in- 
spected with  reference  to  size,  prominence,  retraction,  shape,  irregu- 
larities of  outline,  tension  of  the  wall,  the  condition  of  the  umbilicus, 
hemiae,  superficial  veins,  respiratory  movements,  epigastric  pulsa- 
tion, and  visible  peristalsis.  The  normal  appearance  of  the  abdomen 
at  the  various  ages  has  been  described  in  the  section  on  Normal 
Development. 

Enlargement  of  the  abdomen  is  very  common  in  infancy.  The 
most  common  cause  is  various  disturbances  of  digestion  and  nutri- 
tion, which  act  in  two  ways  in  producing  abdominal  enlargement. 
Disturbed  digestion  may  produce  an  increased  formation  of  gas  in 
the  intestine.    Enlargement  of  the  abdomen  from  this  cause  is  seen 


Physical  Examination  95 

is  sometimes  necessaty  to  repeat  the  examination  after  the  bowels 
have  been  emptied,  in  order  to  clear  up  this  point. 

Percussion  of  the  abdomen  is  employed  mainly  to  determine  the 
presence  of  fluid,  to  determine  the  character  of  masses  felt,  and  to 
map  out  the  outlines  of  the  abdominal  organs.  The  sign  of  free 
fluid  is  dulness  in  the  flanks,  shifting  with  change  of  position.  Care 
must  be  taken  in  interpreting  this  sign,  as  in  infants  and  young 
children  the  liquid  feces  tend  to  gravitate  to  the  flanks,  and  will 
give  a  dulness  which  shifts  with  change  of  position.  Very  marked 
shifting  diilness,  or  a  fluid  wave  is  necessary  for  a  conclusive  diag- 
nosis of  ascites. 

The  Stomach.— Percussion  of  the  stomach  is  difficult  in  infancy 
and  childhood,  and  the  results  obtained  are  unreliable.  A  dilated 
stomach,  when  distended  with  gas,  can  sometimes  be  recognized 
both  by  inspection  and  percussion.  Visible  peristalsis  is  an  import- 
ant sign  of  pyloric  stenosis. 

The  Liver  is  investigated  by  palpation  and  percussion.  The 
upper  border  must  be  determined  by  percussion.  The  lower  border 
in  infants  and  young  children  is  best  determined  by  palpation,  as 
percussion  is  unreliable  on  account  of  the  thinness  of  the  edge.  The 
upper  border  of  the  liver  flatness  is  at  the  fifth  rib  in  the  right  nipple 
line  in  infancy.  From  this  point  it  gradually  descends,  the  adult 
position  .being  reached  at  about  six  years.  The  lower  border  in 
infancy  may  normally  extend  3  cm.  (1-1/8  in.)  below  the  costal 
border  in  the  mammillary  line,  and  6  cm.  (2-1/4  in)  below  the  tip 
of  the  ensiform.  It  is  palpable  in  the  mammillary  line  up  to  three 
years,  and  may  sometimes  be  felt  after  this  time  in  children  with 
relaxed  abdominal  walls  if  the  fingers  are  pushed  up  under  the  costal 
border.  The  liver  in  early  childhood  is  easy  to  feel  on  account  of 
the  thinness  of  the  abdominal  wall.  It  is,  however,  very  often 
missed,  because  the  physician,  not  realizing  how  soft  and  thin  is 
the  edge,  and  how  superficially  it  lies,  palpates  too  deeply  and 
forcibly. 

The  liver  is  examined  for  enlargement,  tenderness,  and  irregu- 
larity of  outline.  Examination  of  the  gall-bladder  is  unsatisfac- 
tory in  early  life,  but  is  hardly  necessary,  as  this  organ  is  very  rarely 
diseased  in  childhood. 

The  Spleen.— Percussion  of  the  spleen  is  so  difficult  in  early 
life,  on  account  of  the  small  size  of  the  organ,  that  it  is  hardly  worth 
while  to  undertake  it.  The  outline  may  be  determined  in  older 
children,  but  palpation  of  the  spleen  is  so  easy  in  infancy  and  child- 
hood that  it  is  better  to  trust  to  this  method  of  examination. 

The  spleen  should  be  palpated  with  the  physician  on  the  right 
side  of  the  patient.    Many  text-books  recommend  palpation  of  the 
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pelvis  gradually  cause  the  bladder  to  assume  the  adult  position,  which 
is  reached  in  middle  childhood. 

This  high  position  of  the  bladder  in  infancy  and  early  childhood 
has  caused  many  bad  mistakes  in  diagnosis.  A  distended  bladder 
has  often  been  mistaken  for  ascites,  or  a  new  growth.  Whenever 
there  is  any  question  of  these  conditions,  the  bladder  should  always 
be  emptied  by  catheterization. 

In  connection  with  the  examination  of  the  bladder,  the  groins 
should  be  carefully  examined.  Abnormalities  to  be  looked  for  are 
hernia,  hydrocele  of  the  cord,  undescended  testicles  or  misplaced 
ovary,  and  enlargement  of  the  lymph  nodes. 

The  External  Genitals. — Inspection  of  the  external  genitals 
should  always  form  a  part  of  the  physical  examination,  particularly 
in  females,  and  in  the  newborn.    The  principal  abnormalities  to  be 
looked  for  are  malformations  and  discharge.    The  commonest  mal- 
formation in  females  is  adhesions  of  the  nymphae.    The  prepuce  is 
normally  adherent  to  the  clitoris  throughout  infancy  and  early  child- 
hood.   In  males  the  physician  should  look  for  phimosis,  undescended 
testicles,    and    hydrocele.    In    infants  the  glans  penis  is  normally 
covered  by  the  prepuce,  which  is  adherent.     In  phimosis  the  pre- 
puce is  so  narrowed  that  it  cannot  be  retracted.    The  testicles  may 
mors  of  the  testes,  varico- 
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it  usually  means  rheumatic  fever.  Chronic  inflammation  of  the 
joints  at  any  period  of  early  life  is  most  commonly  due  to  tuber- 
culosis. A  traumatic  chronic  arthritis  is  not  uncommon  in  children. 
The  chronic  "rheumatoid"  conditions,  osteo-arthritis,  and  so  forth, 
so  often  seen  in  adults,  are  rare  in  childhood. 

THE  SPINE.— The  spine  is  examined  best  with  the  patient  lying 
on  its  face  on  a  flat  surface.  The  points  to  be  noted  in  connection 
with  the  spine  are  curvatures,  mobility,  lender  points,  and  spina  bifida. 
The  peculiarities  of  spinal  curvature  normally  characteristic  of  early 
life  have  been  described  in  the  section  on  Normal  Development. 
Curvatures  due  to  disease  will  be  apparent  with  the  patient  lying 
on  its  face  A  kyphosis  is  most  often  due  to  tuberculosis,  while  a 
backward  curve  in  children  is  always  suggestive  of  meningeal  irri- 
tation.    The  lateral  curvatures  are  common  in  childhood. 

The  flexibility  of  the  spine  is  tested  by  grasping  the  heels  of  the 
infant  with  one  hand,  while  the  other  hand  holds  down  the  shoulders. 
The  heels  are  lifted  up,  and  swung  in  various  directions,  as  shown 
in  the  illustration. 

THE  NERVOUS  SYSTEM.— Some  of  the  examinations  made  in 
obtaining  evidence  as  to  disturbance  of  the  nervous  system  have 
already  been  described.  It  is,  however,  useful  to  consider  the  physical 
signs  of  disease  of  the  nervous  system  together,  although  the  various 
steps  in  the  investigation  are  more  conveniently  made  in  connec- 
tion with  other  parts  of  the  physical  examination. 

The  Mental  Condition  is  estimated  during  the  general  examina- 
tion of  the  body  which  precedes  the  detailed  examination  of  the 
various  organs  and  systems.  It  is  often  advisable,  when  there  is 
any  abnormality  in  itie  apparent  mental  attitude  of  the  child,  to 
make  a  more  detailed  investigation  of  the  mental  condition.  This 
cannot  always  be  accomplished  at  a  single  examination,  and  requires 
more  or  less  prolonged  observation.  Apathy,  stupor,  or  delirium 
will  usually  be  plainly  apparent  before  the  examination  is  finished. 
Also,  pronounced  cases  of  mental  impairment,  the  severer  grades 
of  idiocy  and  imbecility,  will  not  escape  notice.  It  is  the  milder 
types  of  imbecility  and  backwardness  that  are  not  always  apparent 
on  a  single  examination.  Much  depends  upon  the  physician's  powers 
of  observation,  and  upon  a  very  thorough  familiarity  with  the  behavior 
of  a  normal  child  at  every  stage  of  development.  l 

Paralysis  and  Spasm. — ^These  signs  are  most  conveniently  inves-  ,' 

tigated  during  the  examination  of  the  extremities.  ' 

Paralysis  is  often  difficult   to  detect   in   young  children.     Older  |- 

children,  who  can  cooperate  with  the  physician,  will  attempt  to  make  •  | 

various  movements  as  directed,  and  in  them  the  recognition  of  paralysis 
is  easy  enough.    Infants  and  young  children  will  not  do  this.    The  i 
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An  exaggerated  knee-jerk  has  its  full  diagnostic  significance.  The 
best  method  of  obtaining  the  knee-jerk  in  an  infant  is  to  place  the 
hand  under  the  lower  part  of  the  thigh  and  lift  the  knee  from  the 
bed  or  table.  The  ligamentum  patellae  is  tapped,  the  foot  still  rest- 
ing on  the  bed,  the  angle  of  the  leg  being  varied  by  moving  the  knee 
up  and  down.  Then,  if  no  response  is  obtained,  the  knee  is  lifted 
so  that  the  foot  hangs  clear  of  the  bed,  and  the  tapping  is  repeated. 
In  older  children  the  knee-jerk  is  best  tested  with  the  child  in  a  sit- 
ting posture,  and  the  leg  hanging  free. 


Testing  the  knee  jerh 

The  plantar  reflex  is  tested  in  the  ordinary  manner.  In  infancy 
its  presence  is  more  often  shown  by  extension  than  by  flexion  of  the 
toes.  Babinski's  sign  is  a  simultaneous  extension  of  the  big  toe  and 
flexion  of  the  other  toes,  and  in  adults  and  older  children  it  points 
toward  disease  of  the  higher  motor  tracts.  It  has  no  diagnostic  sig- 
nificance in  infahcy. 

Special  Signs — ^There  are  certain  special  signs  of  great  impor- 
tance in  the  investigation  of  the  nervous  system  in  early  life.  These 
are  Kemig's  sign,  Brudzin=ki's  sign,  ankle  clonus,  the  contralateral 
reflex,  Chvostek's  sign,  Trousseau's  sign,  and  the  peroneal  reflex. 
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Rernig's  Sign  consists  in  a  limitation  of  the  extension  of  the 
eg  upon  the  thigh  when  the  thigh  is  at  a  right  angle  with  the  body. 
Under  normal  circumstances,  when  the  thigh  is  at  a  right  angle  with 
:he  body,  the  leg  can  be  extended  to  an  angle  of  135°  at  the  knee,  at 
east,  and  in  infants  often  to  a  greater  angle.  Kernig's  sign  is  ob- 
;ained  when  the  leg  cannot  be  extended  to  an  angle  of  135°.  The 
iign  can  be  tested  by  placing  the  thigh  at  a  right  angle  to  the  body 
md  attempting  to  extend  the  leg,  or  by  holding  the  leg  straight  at 
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the  knee  and  bringing  the  thigh  to  a  right  angle  with  the  body,  noting 
how  much  flexion  this  causes  at  the  knee.  The  former  method  is 
perhaps  a  little  the  better.  In  very  young,  or  much  emaciated  in- 
fants, the  muscular  hypertonicity  must  be  taken  into  account. 

A  positive  Eemig's  sign  is  almost  constant  in  all  forms  of  menin- 
gitis except  the  tuberculous,  in  which  it  may  or  may  not  be  present. 
It  is  often  positive  in  conditions  other  than  meningitis,  but  usually 
means  meningeal  irritation  of  some  kind. 

Brudzinski's  Neck  Sign. — This  consists  in  a  movement  of  the 
legs  when  the  neck  is  flexed  forward.  Under  normal  conditions 
forward  flexion  of  the  neck  causes  no  movement  of  the  legs.  To  test 
the  neck  sign,  the  child  must  be  lying  on  its  back.    The  physician 
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holds  the  chest  stationary  with  one  hand,  and  brings  the  head  sharply 
forward  with  the  other.  When  the  sign  is  positive,  this  will  cause 
a  flexion  of  the  legs  both  at  the  hips  and  at  the  knees,  or  at  the  hips 
alone.  The  movement  is  sometimes  present  on  one  side  only.  The 
sign  when  positive  has  been  regarded  by  some  writers  as  diagnostic 
of  meningitis.  It  is  certainly  seen  mainly  in  meningitis,  but  is  not 
present  in  all  cases  of  that  disease,  and  I  have  observed  its  presence 
repeatedly  in  conditions  of  meningeal  irritation  which  were  proved 
not  to  be  meningitis. 

Fio.  31 


Examination  for  Bnidzinski's  neck  dgn 

Akkle  Clonus. — This  sign  is  elicited  by  lifting  the  leg  a  few  inches 
from  the  table,  holding  it  straight  at  the  knee  and  making  sharp 
dorsal  flexion  of  the  foot  upon  the  leg,  the  foot  being  held  by  the 
toes.  Ankle  clonus  is  present  if  this  causes  a  rhythmical  jerking  of 
the  foot  back  and  forth  at  the  ankle.  The  sign  is  seen  in  a  great 
variety  of  lesions  of  the  central  nervous  system,  affecting  the  upper 
motor  segment.  It  usually  accompanies  spastic  paralysis.  It  is  one 
of  the  few  signs  which  may  be  present  in  meningitis,  but  which  I 
have  never  observed  in  meningismus. 

The  Contralateral  Reflex  is  present  when  passive  flexion  of 
one  leg  causes  a  reflex  movement  of  the  other  leg.    The  reflex  move- 
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of  the  eyeball  follow  the  light.  Another  way  is  to  approach  the  hand 
rapidly  to  the  eyes,  notifig  whether  the  child  winks.  Care  must  be 
taken  not  to  draw  a  wrong  conclusion  from  winking  caused  by  the 
current  of  air  produced  by  the  movement  of  the  hand.  Hearing  in 
young  children  is  tested  by  making  a  sudden  noise  near  the  ears,  and 
noting  whether  the  child  jumps.  The  test  is  not  always  satisfactory 
in  very  young  babies. 

SPECIAL  METHODS  OF  EXAMINATION 

There  are  certain  special  methods  of  examination  which  frequently 
have  to  be  performed  in  children  for  purposes  of  diagnosis,  but  which 
do  not  form  a  part  of  ordinary  routine  examination.  It  is  essential 
that  the  physician  be  familiar  with  the  technique  of  these  various 
operations. 

LUMBAR  PUNCTURE.— This  is  one  of  the  most  important  diag- 
nostic prT)cedures  used  in  infancy  and  childhood.  It  is  much  more 
frequently  employed  in  children  than  in  adults,  because  not  only 
meningitis  but  many  conditions  simulating  meningitis  are  particu- 
larly common  in  early  life.  There  are  also  other  conditions  more 
common  in  early  life  in  which  lumbar  puncture  is  used,  such  as  hydro- 
cephalus and  poliomyeloencephalitis. 

The  technique  of  lumbar  puncture  is  comparatively  simple,  but 
success  depends  upon  attention  to  details.  Needles  are  better  than 
trocars  for  lumbar  puncture.  The  size  of  the  needle  should  be 
adapted  to  that  of  the  child.  For  very  young  babies,  an  ordinary 
antitoxin  needle  should  be  used.  For  bigger  babies  and  older  children, 
the  needle  should  be  larger.  Several  needles  and  two  test  tubes 
should  be  boiled,  and  if  the  fluid  has  to  be  transported  for  examina- 
tion, corks  to  fit  the  test  tubes  should  be  boiled  also.  The  hands 
of  the  operator  and  the  lumbar  and  sacral  regions  of  the  patient 
extending  around  as  far  as  the  highest  point  of  the  crest  of  the  ilium, 
are  rendered  surgically  clean.  Tincture  of  iodine  is  useful  to  dis- 
infect the  point  over  the  lumbar  spines  where  the  puncture  is  to  be 
made.  Much  depends  upon  the  proper  holding  of  the  patient.  An 
attendant  on  the  opposite  side  of  the  patient  places  one  hand  under 
the  bend  of  the  knees,  and  places  the  other  arm  about  the  patient's 
shoulders.  The  spine  is  then  flexed  by  drawing  up  the  knees  with 
one  hand  and  pressing  the  shoulders  forward.  Pressure  should  be 
made  on  the  region  of  the  shoulders  rather  than  on  the  neck.  It  is 
important  that  the  spine  be  flexed  as  much  as  possible  without  the 
use  of  undue  force.  An  anesthetic  is  unnecessary  in  the  majority 
of  cases,  but  should  be  used  when  muscular  spasm  prevents  proper 
flexion  of  the  spine.  In  some  cases  in  older  children  the  site  of  the 
puncture  may  be  rendered  insensitive  with  cocaine  or  ethyl  chloride. 
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the  spines.  I  am  accustomed  to  use  the  latter  method,  but  believe 
that  both  are  equally  good,  the  choice  depending  upon  the  indi- 
vidual operator.  In  either  case,  the  general  direction  is  horizontally 
forward,  and  the  needle  is  pressed  in  until  the  resistance  opposing 
its  progress  is  felt  suddenly  to  diminish,  when  the  fluid  should  imme- 
diately begin  to  drop  or  spurt  from  the  outer  end  of  the  needle.  The 
fluid  is  caught  in  one  of  the  sterile  test  tubes. 

The  advantage  of  boiling  two  test  tubes  lies  in  the  fact  that  part 
of  the  fluid  will  sometimes  be  blood-stained  and  part  clear,  and  blood- 
stained fluid  interferes  somewhat  with  the  diagnostic  inferences  to 
be  drawn.  If  at  any  time  the  character  of  the  dripping  fluid  changes 
from  clear  to  blood-stained,  or  from  blood-stained  to  clear,  the  second 
test  tube  should  be  substituted. 

ITie  amount  of  fluid  to  be  withdrawn  depends  upon  the  purpose 
for  which  lumbar  puncture  is  performed.  If  lumbar  puncture  is 
undertaken  for  diagnosis  only,  and  there  are  no  evidences  of  intra- 
dural pressure,  not  more  than  5  c.  c.  should  be  withdrawn.  If  there 
is  evidence  of  intradural  pressure,  as  shown  by  spurting  of  the  fluid, 
the  withdrawal  should  be  continued  imtil  the  fluid  drops  at  a  normal 
rate. 

If  lumbar  puncture  is  properly  performed,  there  should  be  no  dif- 
ficulty in  obtaining  fluid  in  the  great  majority  of  cases.  Care  should 
be  taken  that  the  needle  is  not  pushed  in  far  enough  to  touch  the 
anterior  wall  of  the  spinal  canal,  as  in  such  a  case  the  fluid  will  prob- 
ably be  blood-stained,  and  if  the  needle  enters  the  tissues  in  the 
anterior  wall,  no  fluid  will  flow.  On  the  other  hand,  care  must  be 
taken  that  the  needle  is  pushed  far  enough  to  enter  the  canal.  If 
the  needle  strikes  bone  before  entering  the  canal,  it  is  a  sign  either 
that  the  direction  of  the  needle  is  not  right,  or  that  the  spine  is  not 
sufficiently  flexed  to  permit  the  needle  to  pass  between  the  bones. 
In  the  former  case,  the  needle  must  be  entered  again  with  corrected 
direction;  in  the  latter  case,  a  smaller  needle  must  be  used,  or  increased 
flexion  of  the  spine  must  be  obtained. 

A  "dry  tap,"  or  failure  to  obtain  fluid  may  be  due  to  several  causes. 
The  most  common  is  that  the  needle  has  become  plugged  in  passing 
through  the  tissues,  and  the  physician  should  dear  the  needle  by 
passing  in  the  stylet.  It  may  be  also  that  through  some  fault  of 
technique,  or  some  peculiar  anatomical  condition,  the  needle  has  not 
entered  the  spinal  canal.  In  such  a  case  the  puncture  should  be 
repeated  with  corrected  technique.  If  fluid  still  fails  to  appear,  the 
intervertebral  spaces  above  and  below  the  one  first  chosen,  should 
be  successively  tried.  Even  when  the  operator  is  sure  that  the 
needle  has  entered  the  canal,  a  dry  tap  occasionally  occurs;  tliis  is 
due  to  some  peculiar  anatomical  or  pathological  cause,  which  prevents 
the  cerebrospinal  fluid  from  reaching  the  lumbar  portion  of  the  canal, 
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LARYNGOSCOPY.— This  procedure  is  mainly  used  in  older  chil- 
dren.   The  technique  is  that  for  adults. 

OPHTHALMOSCOPY.— This  is  very  difficult  in  infants  on  ac- 
count of  the  movements  of  the  eyeball.  The  technique  in  childhood 
is  the  same  as  in  adults. 

RECTAL  EXAMINATION.— This  procedure  is  frequently  in- 
dicated in  children,  in  obscure  conditions  in  the  abdominal  cavity. 
The  child  should  be  lying  on  its  back.  The  physician  inserts  the 
oiled  ^ger  into  the  rectum,  while  with  the  other  hand  he  makes 
palpation  through  the  abdominal  wall.  There  is  no  danger  in  intro- 
ducing the  forefinger  into  the  rectum,  even  a  small  baby's,  provided 
that  the  introduction  be  made  slowly  enough  to  dilate  the  sphincter. 
A  much  greater  area  may  be  reached  in  infants  than  in  older  children 
and  adults,  and  for  this  reason  rectal  examination  often  throws  very 
valuable  light  on  the  diagnosis  in  infants. 

ROENTGEN-RAY  EXAMINATION.— This  is  by  far  the  most 
important  and  valuable  of  all  the  special  diagnostic  procedures  used 
in  early  life.  Owing  to  the  fact  that  the  soft  parts  in  children  ate 
less  thick,  the  results  of  Roentgen-ray  examination  are  more  valuable 
in  children  than  in  adults,  and  in  babies  than  in  older  children.  When- 
ever possible,  Roentgen-ray  examination  of  the  chest  should  be  car- 
ried out  in  all  cases  of  suspected  tuberculosis,  or  suspected  disease 
of  the  lungs,  pleura,  heart,  pericardium,  or  thymus.  It  should  be 
carried  out  in  all  suspected  cases  of  disease  of  the  bones  or  joints' 
It  is  sometimes  valuable  in  intracranial  disease.  One  of  the  most 
important  uses  of  Roentgen-ray  examination  is  in  the  investigation 
of  the  gastro-intestinal  system.  This  is  carried  out  by  means  of  the 
bismuth  meal,  or  the  bismuth  enema. 

For  the  technique  of  these  investigations  and  the  interpretation 
of  their  results,  the  reader  is  referred  to  standard  textbooks  on 
roentgenology. 

LABORATORY  METHODS  OF  DIAGNOSIS 

The  importance  of  laboratory  methods  of  diagnosis  in  the  diseases 
of  early  life  cannot  be  overestimated.  The  laboratory  has  come  to 
occupy  a  more  and  more  important  place  in  modern  diagnosis.  There 
is,  however,  a  tendency  to  neglect  laboratory  methods  in  the  dis- 
eases of  infancy  and  childhood.  This  is  a  very  great  mistake.  In- 
deed, there  are  some  conditions  almost  pecuhar  to  early  life,  such  as 
for  example,  pyelitis,  in  which  the  diagnosis  depends  entirely  upon 
the  results  of  laboratory  investigation. 

The  laboratory  methods  of  diagnosis  which  are  used  in  infancy 
and  childhood,   do  not  differ  either  in   character  or  in  technique 
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Fig.  36 — Apparatus  for  obtaining  urine  from  a  female  infant 


Fro.  37 — Method  of  collecting  urine  from  a  female  infant 

A.  Cut  rubber  finger  cot.    B.  Adhesive  plaster  for  attachment.    C.  Test  tube. 

D.  Apparatus  complete 
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The  first  two  or  three  days 

Fourth  to  fourteenth  day 

Fourteenth  day  to  suth  month. . 

Six  months  to  two  years 

Two  to  eight  years. 

Eight  to  fourteen  years 
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Slight  turbidity  of  the  urine  is  not  uncommon  in  infancy.  Under 
normal  conditions  it  may  be  due  to  the  presence  of  mucus,  in  which 
case  it  cannot  be  entirely  removed  by  filtration,  or  to  the  presence  of 
urates.  Cloudiness  due  to  urates  will  disappear  on  heating.  Patho- 
logical causes  of  turbidity  are  phosphates,  bacteria,  or  pathological 
sediment,  which  in  early  life  is  usually  pus.  The  cause  of  turbidity 
should  always  be  determined.  Cloudiness  due  to  bacteria  is  recog- 
nized by  the  fact  that  it  is  not  diminished  by  ordinary  filtration. 
Phosphates  are  recognized  by  the  fact  that  the  turbidity  disappears 
when  a  few  drops  of  acetic  add  are  added.  Pus  is  suspected  from 
exclusion  of  the  oth&r  causes,  the  suspicion  being  confirmed  by  the 
microscopic  examination. 

Albumen. — For  routine  use,  the  best  test  for  albumen  is  the  heat 
test,  which  is  performed  as  follows:  Filter  about  10  c.c.  of  urine  into 
a  test  tube,  and  boil  the  upper  half  of  the  fluid.  Add  one  or  two 
drops  of  acetic  acid  (36  per  cent.),  and  boil  again.  A  precipitate 
which  appears  on  boiling,  and  persists  after  the  addition  of  the  acid, 
or  which  appears  on  the  second  boiling,  is  albumen.  Care  must  be 
taken  not  to  use  an  excess  of  acid, 

.\n  approximate  idea  of  the  quantity  of  the  albumen  can  be  ob- 
tained from  the  heat  test  by  allowing  the  albuminous  precipitate  to 
settle,  i/ioo  per  cent,  or  less  causes  turbidity  but  no  precipitate. 
With  1/20  per  cent,  the  bottom  of  the  test  tube  is  covered;  i/io  per 
cent,  occupies  i/io  the  volume  of  the  column  of  urine;  while  1/2  per 
cent,  occupies  1/3  of  the  volume;  and  one  per  cent,  half  the  column. 
Albumen  amounting  to  two  or  three  per  cent.,  becomes  converted 
into  a  compact  coagulum. 

When  in  the  performance  of  the  heat  test  the  addition  of  acetic 
acid  gives  a  heavy  precipitate  which  partially  clears  on  boiling,  it 
suggests  the  presence  of  the  Bence-Jones  body  (often  incorrectly 
spoken  of  as  albumose).  The  presence  of  this  substance  is  confirmed 
after  filtering  the  contents  of  the  tube  while  hot  by  the  appearance 
of  a  cloud  in  the  filtrate  on  cooling. 

Albumen  may  be  normally  present  in  small  amount  in  the  urine 
during  the  first  days  of  life.  Later  its  presence  has  the  same  signifi- 
cance as  in  adults. 

Sugar. — Fehling's  test  is  best  for  routine  qualitative  examina- 
tion. Mix  in  a  test  tube  5  c.c.  of  each  of  Fehling's  two  solutions. 
Boil,  and  then  add  slowly  5  c.c.  of  urine.     Separate  in  two  portions 
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add  a  few  drops  of  glacial  acetic  acid,  shaking  again.  Pour  carefully 
down  the  side  of  the  test  tube  5  c.c.  of  ammonium  hydrate.  A  purple 
ring  where  the  ammonia  meets  the  urine  demonstrates  the  presence 
of  acetone. 

Sediment. — Whenever  there  is  any  visible  sediment,  it  should  be 
examined  microscopically  as  a  routine.  The  thingsTio  be  looked  for 
are  pus,  casts,  blood,  epithelial  cells,  crystals,  fat,  and  bacteria. 

The  following  tests  need  not  be  made  as  a  routine,  but  are  of 
occasional  value  and  should  be  made  whenever  their  need  is  suggested 
by  the  clinical  features  of  the  case. 

Bile. — ^The  reagent  consists  of  tincture  of  iodine  one  part,  alcohol 
fifteen  parts.  Pour  i  c.c.  of  this  reagent  on  the  top  of  the  urine  in  the 
test  tube.  A  green  ring  at  the  junction  of  the  two  fluids  shows  the 
presence  of  bile.  This  test  should  be  performed  whenever  there  is 
any  suspicion  of  jaundice. 

Blood  is  recognized  from  the  color  of  the  urine,  and  from  the  ex- 
amination of  the  sediment.  Blood  pigment  may  be  present  in  solu- 
tion, as  in  haemoglobinuria.  Its  presence  is  demonstrated  by  the 
guaiac  test,  which  will  be  described  under  the  examination  of  the  feces, 

IxDicAN. — To  15  c.c.  of  urine  add  3  c.c.  of  a  20  per  cent,  solution 
of  lead  acetate.  Filter.  To  the  filtrate  add  an  equal  volume  of  a  ' 
reagent  made  up  of  0.4  gram  ferric  chloride  in  100  c.c.  of  concentrated 
hydrochloric  acid.  Shake  for  two  minutes.  Add  3  c.c.  of  chloro- 
form and  again  shake.  If  indican  be  present  in  considerable  quan- 
tity, the  chloroform  will  assume  a  deep  blue  color.  This  is  known 
as  Obermeyer's  test.  An  excess  of  indican  in  the  urine  of  infants 
and  children  is  usually  significant  of  acute  or  chronic  intestinal  dis- 
ease. It  is  more  or  less  a  measure  of  the  amount  of  protein  putre- 
faction going  on  in  the  intestine.  Indicanuria  is  also  seen  in  exten- 
sive suppurative  processes  without  drainage  in  various  parts  of  the 
body,  such  as  empyema.  Indicanuria  is  not  of  very  great  importance 
either  as  a  diagnostic  measure,  or  as  a  measure  of  the  results  of 
treatment  in  intestinal  diseases.  It  is  said  to  be  an  important  finding 
in  pellagra. 

DiACETic  Acid. — Add  a  strong  aqueous  solution  of  ferric  chloride 
to  one-third  of  a  test  tube  of  urine.  A  Burgundy-red  color  shows  the 
presence  of  diacetic  acid.  If  the  reaction  takes  place  after  the  urine 
has  been  previously  boiled,  it  is  not  due  to  diacetic  acid.  Diacetic 
acid  is  one  of  the  acetone  bodies  which  are  found  in  acidosis.  The 
test  IS  performed  whenever  acidosis  is  suspected,  or  when  the  routine 
test  for  acetone  is  positive.  Whenever  diacetic  acid  is  found  in  the 
urine,  it  is  probable  that  B-oxybutyric  acid  is  also  present. 

Tubercle  Bacilli.— ^To  find  tubercle  bacilli  in  the  sediment, 
the   following   technique  should   be  employed:     i.   Centrifugalize. 
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The  normal  standard  differs  notaUy  from  that  oj  adult  life.  Normal 
variations  in  infancy  are  from  8,000  to  15,000,  and  in  later  childhood 
from  6,000  to  13,000. 

The  Red  Corpuscles.— ^The  count  of  the  red  corpuscles  is  made 
as  follows:  Draw  the  blood  into  the  Toma-Zeiss  red  counter  up  to 
the  0.5  mark,  and  dilute  with  Gower's  solution  up  to  the  loi  mark. 
Mix  thoroughly  by  shaking  and  revolving  the  counter.  Place  a  drop 
of  blood  on  the  slide  of  the  counter,  cover  with  the  glass,  and  count 
the  corpuscles  in  twenty-five  small  squares  at  each  of  the  four  corners 
of  the  ruled  field,  and  multiply  the  total  by  8,000.  This  gives  the 
number  of  red  cells  in  a  cubic  millimeter  of  blood.  For  greater 
accuracy  it  is  well  to  repeat  this  procedure  with  a  second  slide,  and  take 
the  average. 

The  number  of  red  corpuscles  at  birth  is  high,  although  there  is 
some  diversity  of  opinion  as  to  the  actual  number.  It  is  between 
5,350,000  and  6,000,000.  There  is  an  increase  in  the  first  two  or 
three  days  of  life,  and  the  count  may  be  from  6,000,000  to  7,500,000. 
This  increase  is  probably  only  relative,  being  due  to  loss  of  fluid, 
and  the  delay  in  the  establishment  of  nutrition.  After  the  first  few 
days,  the  count  falls  rapidly,  reaching  the  normal  figures  for  infancy 
at  about  two  weeks.  The  normal  standard  for  infancy  ranges  from 
5,000,000  to  6,000,000.  It  gradually  falls  during  early  childhood, 
reaching  the  adult  standard  of  4,500,000  to  5,000,000  at  about  six 
years. 

Examination  of  the  Stained  Specimen. — Cover  glasses  should 
be  thoroughly  washed  with  soap  and  water,  and  wiped  dry.  The 
center  of  a  cover  glass  held  by  its  edges  is  touched  against  the  summit 
of  the  drop  of  blood,  touching  the  skin  being  avoided.  Drop  the 
cover  glass  upon  another  clean  cover  glass,  allowing  the  blood  to 
spread  evenly  between  them  without  pressure.  Hold  the  cover 
glasses  by  their  edges,  and,  keeping  their  faces  parallel,  draw  them 
quickly  apart.  When  dry,  they  are  ready  for  staining.  No  heat 
is  required.  Cover  the  specimen  with  five  drops  of  Wright's  modifi- 
cation of  Leishman's  blood  stain,  for  one  minute.  Add  with  a  medi- 
cine dropper  ten  drops  of  water,  and  let  the  diluted  stain  remain  on 
the  slide  for  two  minutes.  Wash  in  water  (not  running  water)  until 
the  film  has  a  pinkish  color.     Dry  and  mount. 

The  features  to  be  noted  in  the  microscopic  examination  of  the 
stained  specimen,  are  the  following: 

1.  The  relative  number  of  the  different  varieties  of  white  corpuscles. 

2.  The  appearance  of  the  red  corpuscles.  The  points  to  be  noted 
are  variations  in  size  (makrocytes  and  mikrocytes),  variations  in  shape 
{poikilocy tosis) ,  loss  of  color  (achromia),  stippling,  abnormality  of 
staining    (polychromatophilia) ,    tendency    toward    predominance    of 
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At  least  250  white  corpuscles  should  be  counted,  and  the  number 
of  each  varietyshould  be  reduced  to  a  percentage  of  the  total  number 
counted.  The  number  of  any  normoblasts  ot  megaloblasts  seen 
during  the  count  should  be  noted  and  recorded,  but  should  not  be 
included  in  the  total  of  the  count,  nor  expressed  in  figures  of  percentages. 
A  specimen  of  the  method  of  making  and  of  recording  a  differential 
blood  count  is  shown  in  the  following  tables: 

Table  ij 
Uelkod  of  Making  Dijercniiai  Blood  Count 
PolynuclMrnetitrophilrs, .    IHIlWIHltWWIWllWfKltmtHlMlKltHI 

tHiiKiiHitHiiwjBiiwiwiwimimttuiwuo 
B"wpi"i« twiwfttittutHiiHiiHjmtmiHirHiTwnii 

ItHtHltHltHltHllWHtjrHlfBl  no 

Eoiinophilcs ||  j 

MytlocytM ttU    IH  » 


NormoblasB ||| 

Megaloblasts |}i]    | 

130  no  2  8 

350  1$°  >S0  ISO 

Table  14 
Method  of  Recording  Results  of  a  Specimen 
Examination  of  the  Stained  Specimen 

Polynudear  neutrophiles 520% 

Basophiles 44.0% 

Eosinophiles. o.8% 

Myeloiytes. 3-2% 


The  red  corpuscles  showed  slight  pcikilocytosis,  and  moderate  v     ... 

krocytes  predominatiog.     There  was  marked  achromia,  some  stippling,  and  some  poly- 
chromatophilia.    During  the  count  were  seen — 


The  blood  platelets  appeared  normal,  and  no  parasites  were  seen. 

Peculiarities  of  the  Differential  Count  in  Early  Life.— 
The  variations  in  the  percentages  of  the  different  kinds  of  leucocytes 
in  the  blood  of  infants  and  young  children,  according  to  the  age  of 
the  child,  is  most  clearly  demonstrated  by  means  of  chart  3. 
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blood,  myelocytes  appear  more  often  than  in  later  life.  They  are 
usually  to  be  found  m  all  the  severe  secondary  anemias  of  infancy. 

There  are  certain  diseases  in  which  there  is  an  alteration  in  the 
differential  coimt  of  the  white  cells.  The  lymphocytes  are  increased 
in  pertussis,  syphiUs,  and  in  leukemia.  An  increase  in  the  eosino- 
philes  is  seen  regularly  in  leukemia,  asthma,  with  certain  intestinal 
parasites,  and  in  some  forms  of  chronic  skin  disease.  In  infancy  and 
early  childhood  an  increase  in  eosinophiles  is  not  uncommon  in  sec- 
ondary anemia,  and  the  count  may  show  ten  per  cent,  without  any 
very  obvious  cause. 

THE  FECES.— The  examination  of  the  feces  is  in  infancy  the 
most  important  of  all  the  laboratory  methods  of  diagnosis.  In  older 
children  it  is  important,  but  is  not  necessarily  a  matter  of  routine. 

The  stools  are  examined  macroscopically  and  microscopically. 

The  Macroscopic  Examination  should  include  first  an  observa- 
tion of  the  frequency  and  size  of  the  dejecta,  and  of  their  consistency, 
and  form.  The  color,  odor,  and  reaction  should  be  noted.  Abnormal 
constituents  to  be  looked  for  are  curds,  mucus,  blood,  pus,  membrane, 
masses  of  undigested  food,  and  intestinal  parasites. 

Frequency  and  Size. — The  normal  number  of  stools  in  the  breast- 
fed infant  is  three  or  four  daily.  In  the  bottle-fed,  the  daily  number 
is  less,  varying  from  one  to  three  or  four.  A  certain  amount  of  con- 
stipation is  a  normal  condition  in  bottle-fed  infants  who  are  otherwise 
doing  well.  The  size  of  the  stools  varies  with  the  frequency.  Ab- 
normally small  stools  suggest  relative  starvation.  Increase  in  the 
frequency  of  the  stools  suggests  irritation  of  the  intestinal  mucosa, 
such  as  occurs  in  various  forms  of  indigestion  and  infection. 

Consistency  and  Form.— The  normal  stool  of  the  breast-fed  infant 
is  of  a  soft  mushy  consistency.  In  infants  fed  on  cow's  milk,  the 
stoob  are  of  firmer  consistency,  and  may  even  be  formed.  Increase 
in  consistency  is  seen  in  constipation.  Loose  stools  suggest  irritation 
of  the  intestinal  mucosa,  with  increased  peristalsis. 

Color. — In  observing  the  color  of  the  stools,  it  must  be  remem- 
bered that  the  surface  of  the  fecal  mass  is  easily  discolored  by  con- 
tact with  the  air,  and  the  center  should  be  used  as  a  basis  for  descrip- 
tion. 

The  color  should  be  recorded  as  yellow,  white,  brown,  green,  or 
black.    The  significance  of  the  various  colors  in  infancy  is  as  follows: 

Yellow  stools  are  seen  in  breast-fed  and  bottle-fed  infants  who 
are  doing  well.  In  the  breast-fed  the  normal  color  is  a  golden  yellow. 
In  infants  who  are  thrixTng  on  cow's  milk  mixtures,  the  color  is  very 
often  lighter  yellow,  probably  because  some  of  the  bilirubin  is  con- 
verted into  hydrobilirubin,  or  because  there  is  a  slight  excess  of 
unabsorbed  protein. 
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by  the  fermentation  of  the  carbohydrate  residue  which  is  not  ab-  |  f^ 

sorbed,  and  that  Nature  designs  that  there  shall  be  an  excess  of 
carbohydrate  to  maintain  a  normal  condition  of  the  intestinal  flora, 
and  the  normal  chemical  reaction.  When  the  unabsorbed  carbo- 
hydrate residue  is  in  excess,  it  is  never  excreted  as  such,  but  under- 
goes fermentation,  and  consequently  the  acidity  of  the  stools  may  be 
increased.  When  unabsorbed  fat  is  in  excess,  there  is  increased  forma- 
tion of  the  fatty  acids,  and  the  acidity  of  the  stools  may  also  be  in- 
creased. A  relative  excess  of  protein  will  cause  increased  activity 
of  the  proteolytic  bacteria  whose  products  are  alkaline,  and  may 
cause  an  alkaline  stool,  which  is  not  necessarily  pathological.  An 
excessively  acid  stool,  therefore,  is  seen  in  carbohydrate  indigestion, 
and  in  the  acute  exacerbations  of  fat  indigestion.  An  alkaline  stool 
means  only  a  relative  excess  of  protein  in  the  food  in  the  majority  of 
cases,  and  has  no  pathological  significance.  It  is,  however,  occa- 
sionally seen  in  cases  of  indigestion  with  fermentation  due  to  an 
excessive  activity  of  bacteria  of  the  putrefactive  group. 

CuBDS. — There  are  two  kinds  of  curds  found  in  the  stools  of  an 
infant.  One  is  primarily  composed  of  casein,  the  other  of  fat  com- 
bined with  sodium  and  potassium  in  the  form  of  soaps.  The  casein 
curds  are  larger,  varying  in  size  from  that  of  a  bean  to  that  of  a  pea- 
nut, and  are  white  or  yellowish-white  in  color.  They  are  tough, 
cannot  be  broken  up  by  pressure,  are  insoluble  in  ether,  and  when 
placed  in  formalin  become  very  hard.  The  fat  curds  are  smaller 
varying  in  size  from  that  of  a  pinhead  to  that  of  a  pea,  and  are  white, 
yellow,  or  green  in  color  according  to  the  color  of  the  stool.  They 
are  soft,  can  be  broken  up  by  pressure,  are  soluble  in  ether  when 
acidified,  and  are  unaffected  by  formalin. 

Casein  curds  suggest  indigestion  from  a  relative  excess  of  protein. 
Fatty  curds  always  suggest  indigestion  from  a  relative  excess  of  fat. 
Not  only  that,  but  fatty  curds  suggest  a  degree  or  stage  of  fat  indiges-  • 
tion  which  is  more  serious  than  that  characterized  simply  by  an 
excess  of  fat  in  the  stools  in  the  form  of  soaps,  and  is  usually  an  indi- 
cation for  dietetic  treatment. 

Mucus. — Mucus  is  present  in  most  normal  stools,  but  in  amounts 
which  can  only  be  detected  by  microscopic  examination.  In  the 
majority  of  abnormal  stools,  an  excess  of  mucus  is  present,  and  an 
amount  visible  macroscopically  is  always  pathological.  Undigested 
starch  may  be  mistaken  for  mucus,  but  is  distinguished  by  the  fact 
that  it  is  stained  blue  with  iodine,  and  shows  a  definite  structure 
(starch  granules)  under  the  microscope,  whereas  mucus  is  not  stained, 
and  shows  no  evidence  of  structure. 

An  excess  of  mucus  in  the  stools  is  caused  by  any  condition  which 
irritates  the  intestinal  mucous  membrane.     It  may  be  seen  in  all 


Laboratory  Diagnosis  129 

Microscopic  Examination  of  the  Stools. — This  is  of  the  first 
importance  in  all  the  nutritional  disturbances  of  infancy.  In  older 
childrea  it  is  often  of  diagnostic  value,  but  need  not  be  made  a  rou- 
tine measure.  The  examination  is  divided  into  three  parts  as  fol- « 
lows:  (i)  examination  of  the  fresh  spedmen;  (2)  microchemical 
examination  for  fat;  (3)  microchemical  examination  for  starch. 
The  feces  should  be  thoroughly  mixed  in  preparation  for  these 
examinations,  and  if  hard,  should  be  rubbed  together  with  a  little 
water. 

Examination  of  the  Fresh  Specimen. — A  portion  of  the  stool 
is  placed  on  a  slide,  covered  with  a  cover  glass  and  put  under  the 
microscope.  This  reveals  undigested  meat  fibres,  and  such  patho- 
logical elements  as  pus,  blood,  eggs  of  parasites,  and  so  forth. 

MiCROCHEUicAL  EXAMINATION  FOR  Fat. — A  portion  of  the  stool 
is  spread  on  a  glass  slide,  and  mixed  with  a  saturated  alcoholic  solu- 
tion of  Sudan  III.  It  is  then  covered  with  another  slide  (a  sUde  is 
better  than  a  cover  glass]  and  put  under  the  microscope.  Neutral 
fat  drops,  and  fatty  acid  crystals,  stain  red,  while  soaps  do  not  stain. 
Next  a  drop  or  two  of  glacial  acetic  add  is  thoroughly  mixed  with 
the  contents  of  the  slide.  It  is  better  to  add  the  add  by  removing 
the  top  shde,  rather  than  by  letting  it  run  under  the  edge.  The  top 
slide  is  reapplied,  and  the  slide  is  held  over  the  Bunsen  flame  until 
it  begins  to  bubble.  This  converts  the  soaps  into  neutral  fat  and 
fatty  acids,  which  appear  under  the  microscope  as  lai^e  stained 
drops.  The  amount  of  fat  in  the  form  of  soap  is  estimated  from  the 
number  of  these  drops. 

If  the  stain  with  Sudan  III  before  the  addition  of  acetic  add  shows 
fat,  it  can  be  determined  whether  it  is  neutral  fat  or  fatty  acid,  by 
staining  another  specimen  with  a  dilute  solution  of  carboUuchsia  (i 
part  carbolfuchsin  to  4  parts  of  water).  With  this  solution  neutral 
fat  does  not  stain,  fatty  adds  stain  a  deep  red,  and  soaps  stain  a 
dull  rose-red. 

In  estimating  the  quantity  of  fat  in  the  form  of  soap,  it  must  be 
remembered  that  under  normal  conditions  all  the  fat  ingested  is  not 
absorbed,  and  that  a  certain  quantity  of  soaps  in  the  stools  is  normal. 
The  difficulty  in  the  microchemical  examination  of  the  stools  for  fat 
lies  in  determining  what  quantity  shall  be  termed  an  excess.  With  the 
technique  described  above  the  only  standard  for  estimating  the 
amount  of  fat  is  the  number  and  size  of  the  fat-droplets  in  the  micro- 
scopic field,  after  boiling  with  acetic  add.  The  standard  is  much 
influenced  by  variations  in  the  technique,  depending  on  the  quan- 
tity of  feces  taken,  the  amount  of  its  dilution,  the  length  of  the  boil- 
ing, and  on  variations  in  the  rapidity  and  completeness  with  which 
soaps  made  with  different  alkaline  bases  are  broken  up.    Every  physi- 
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forms  the  morphology  is  distinctly  that  of  a  bacillus.  They  do  not 
look  like  the  typical  bipolar  forms,  and  are  often  quite  large.  As  a 
result  of  these  peculiarities,  the  impression  given  by  the  slide  is  that 
of  a  mixed  infection  of  diplococci  and  bacilli,  which  is  puzzling  unless 
the  tendency  to  the  appearance  of  involution  forms  is  remembered, 
when  the  appearances  become  an  aid  in  diagnosis.  The  bacillus  of 
influenza  is  decolorized  by  Gram's  method.  In  case  of  doubt  cultures 
should  be  made  upon  blood  agar  and  plain  agar,  as  the  influenza 
bacillus  only  grows  in  the  presence  of  hemoglobin. 

The  following  points  in  the  bacteriological  diagnosis  of  the  cere- 
brospinal fluid  are  the  results  of  a  very  wide  experience  with  cerebro- 
spinal fluids,  and  while  not  strictly  scientific,  may  prove  of  value: 
Whenever  diplococci  are  very  few  and  difficult  to  find,  the  evidence 
points  toward  the  intracellularis.  Whenever  there  are  many  organ- 
isms included  within  the  leucocytes,  the  evidence  points  toward  the 
intracellularis.  Whenever  diplococci  are  very  numerous,  although 
few  are  included  within  the  leucocytes,  the  evidence  points  toward 
the  pneumococcus. 

The  stain  for  the  tubercle  bacillus  is  precisely  the  same  as  that 
used  in  the  sputum,  urine,  and  other  suspected  materials.  Cover 
the  preparation  with  carbolfuchsin  solution  and  steam  over  a  flame 
for  thirty  seconds,  not  allowing  the  staining  solution  to  dry  on  the 
glass,  but  adding  more  stain  if  necessary.  Wash  in  water,  and  then 
decolorize  for  twenty  seconds  with  20  per  cent,  sulphuric  acid.  Wash 
in  water,  and  then  wash  in  95  per  cent,  alcohol  until  no  more  color 
will  come  out.  Wash  in  water.  Cover  the  preparation  with  Ldffler's 
methylene-blue  solution  for  thirty  seconds.  Wash  in  water  and 
mount.  Under  the  microscope  the  tubercle  bacilli  are  bright  red, 
while  the  nuclei  of  the  cells  are  blue. 

The  finding  of  the  tubercle  bacillus  in  the  cerebrospinal  fluid  is 
often  very  difficult.  If  the  organism  is  not  found  in  a  preparation 
made  from  the  fibrin  clot,  it  is  advisable  to  digest  the  clot  in  artificial 
gastric  juice,  and  then  centrifugalize  thoroughly.  The  fluid  from  the 
bottom  of  the  centrifugal  tube  is  put  upon  the  slide  and  allowed  to 
dry  in  air. 

The  following  table  shows  the  characteristics  of  cerebrospinal 
fluid  in  some  of  the  most  common  conditions,  in  which  they  are  of 
diagnostic  significance.  The  term  meningismus  as  used  in  the  table 
refers  to  a  condition  of  meningeal  irritation  from  a  variety  of  causes 
without  infection. 

Special  Tests. — There  are  a  number  of  special  tests  which  can 
be  applied  to  the  cerebrospinal  fluid,  the  final  value  of  which  is  still 
under  investigation.  These  tests  depend  upon  tiie  fact  that  in  the  normal 
cerebrospinal  fluid  the  amount  of  protein  present  is  too  small  to  be 
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black,  and  its  characteristic  morphology  can  usually  be  recognized. 
The  capsule  will  not  stain,  but  the  various  special  methods  for  stain- 
ing capsules  do  not  give  constant  results  and  are  not  necessary  in 
routine  examination.  The  influenza  bacillus  will  be  stained  blue,  and 
the  fact  that  it  does  not  take  the  Gram  stain  is  usually  apparent.  The 
influenza  bacillus  is  the  smallest  organism  found  in  sputum.  Owing 
to  the  bipolar  staining  it  usually  gives  the  impression  of  a  very  small 
diplococcus.  In  case  of  doubt  as  to  the  results  of  the  Gram  stain, 
a  second  preparation  may  be  stained  by  Gram's  method,  and  counter- 
stained  with  Bismark  brown  instead  of  Loffler's  blue.  The  bacillus 
mucosus  capsulatus  can  generally  be  recognized  by  its  morphology. 
If  doubt  exists,  if  a  specimen  is  stained  with  caibolfuchsin,  the  cap- 
sules will  show.  There  are  various  methods  of  staining  the  sputum 
which  give  prettier  preparations,  but  they  are  rather  complicated 
for  routine  use. 

EXAMINATION  OF  THE  GASTRIC  CONTENTS.— This  pro- 
cedure is  less  valuable  as  a  means  of  diagnosis  in  the  diseases  of 
early  life  than  in  those  of  adult  life.  Organic  disease  of  the  stomach 
is  so  rare  in  childhood  that  it  hardly  enters  into  consideration. 
In  the  various  fimctional  disturbances  so  common  in  infancy  and 
childhood,  the  examination  of  the  gastric  contents  throws  little 
light  upon  the  diagnosis.  The  whole  etiology  and  classification  of 
gastro-intestinal  disease  is  entirely  different  in  infancy  and  childhood 
from  that  of  adult  life,  and  calls  for  entirely  different  methods  of 
diagnosis.  There  are  almost  no  conditions  met  with  in  children  in 
which  there  is  an  absence  of  free  hydrochloric  acid. 

Bix)OD. — The  most  common  test  called  for  in  examining  the 
vomitus  or  gastric  contents  of  infants  and  children  is  that  for  blood. 
The  guaiac  test  should  be  used  as  described  under  the  examination 
of  the  faeces. 

Free  Hydrochloric  Acm. — This  may  be  tested  for  by  the  same 
tests  as  are  used  in  adults,  such  as  Gunzburg's,  Tdpfer's  and  oo 
tropaeolin.  These  tests  are  so  rarely  required  in  children  that  they 
will  not  be  described  here,  and  the  reader  is  referred  to  the  various 
adult  text-books. 

WIDAL  REACTION  FOR  TYPHOID.— This  procedure  has  the 
same  diagnostic  significance  in  children  as  in  adults. 

Collect  three  or  four  drops  of  blood  in  a  small  test  tube,  and  let  it 
stand  until  the  serum  is  exuded.  When  dried  blood  is  employed,  it  must 
be  mixed  with  a  few  drops  of  water,  this  mixture  taking  the  place  of 
serum.  In  making  the  test,  use  a  bouillon  culture  of  typhoid  bacillus 
from  twelve  to  twenty-four  hours  old.  Examine  a  drop  of  this  cul- 
ture under  the  microscope  in  order  to  make  sure  that  ^e  bacilli  are 
unclumped  and  in  active  motion.    Mix  nine  drops  of  the  typhoid 
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casein.  Whenever  there  is  a  history  of  symptoms  following  the  in- 
gestion of  some  particular  food  substance,  a.  cutaneous  test  should 
be  employed.  A  positive  reaction  indicates  that  the  symptoms  are 
caused  by  a  food  idiosyncrasy  toward  the  special  substance. 

WASSERMANN  REACTION  FOR  SYPHILIS.— The  comple- 
ment fixation  test  of  Wassermann  is  of  the  greatest  value  in  the 
diagnosis  of  syphilis  in  early  life.  The  technique  of  the  test  is  alto- 
gether too  complicated  for  routine  use,  and  the  test  can  only  be 
satisfactorily  made  by  one  trained  in  its  performance.    There  are 

Fio.  41 


Obtaining  blood  for  the  Wassennann  reaction  from  the  longitudinal  sinus  of  an  infant 

however  a  certain  number  of  laboratories  where  this  test  is  being 
habitually  made,  and  in  every  case  of  suspected  syphilis,  a  specimen 
of  blood  should  be  sent  to  a  Wassermann  laboratory  for  examination. 
About  10  c.c.  of  blood  should  be  required  for  the  test,  and  it  is  diffi- 
cult to  obtain  so  much  blood  from  infants  by  the  ordinary  methods. 
The  best  method  of  obtaining  blood  from  infants  for  examination 
is  to  take  advantage  of  the  open  fontanelle.  The  longitudinal  sinus 
which  lies  immediately  under  the  anterior  fontanelle  is  a  very  large 
vein  which  can  be  very  easily  reached.  A  small  Luer  syringe  and 
hypodermic  needle  are  sterilized,  and  the  skin  over  the  anterior 
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fontanelle  is  cleansed.  A  small  area  may  be  shaved  if  there  is  much 
hair.  The  needle  attached  to  the  syringe  is  entered  at  the  posterior 
angle  of  the  fontanelle  exactly  in  the  median  line.  The  needle  passes 
through  the  skin  and  dura  with  a  perceptible  sense  of  suddenly 
lessened  resistance.  The  piston  of  the  syringe  is  then  drawn,  and 
the  syringe  immediately  fills  with  blood.  This  method  of  obtaining 
the  blood  is  greatly  preferable  to  the  gashing  of  the  ear  or  heel,  which 
was  necessary  for  obtaining  enough  blood  for  the  Wassennann  re- 
action. My  assistant  at  the  Infants'  Hospital  recently  obtained  in 
this  way  specimens  of  blood  from  ten  babies  in  eleven  minutes.  The 
Specimen  in  a  sterile  test  tube  should  be  tightly  corked  before  being 
sent  to  the  Wassermann  laboratory. 

Fia  41 


Injecting  diphtheria  toxin  for  the  Schick  reaction 

THE  SCHICK  REACTION  TEST  FOR  IMMUNITY  AGAINST 
DIPHTHERIA.— This  test  is  mainly  useful  in  hospital  practice, 
but  it  is  sometimes  useful  in  private  practice  in  determining  whether 
a  prophylactic  dose  of  diphtheria  antitoxin  is  indicated  in  children 
with  whom  there  has  been  exposure  or  suspicion  of  exposure  to  diph- 
theria. Its  value  as  a  reliable  test  of  immunity  has  been  confirmed 
by  the  majority  of  recent  investigations,  although  it  is  perhaps  not 
finally  proved. 
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Diphtheria  toxin  is  used  for  the  test.  The  minimum  lethal  dose 
of  the  toxin  for  a  guinea  pig  weighing  300  grams  must  be  known. 
This  is  so  diluted  that  o.i  c.c.  of  fluid  contains  1/50  of  this  minimum 
lethal  dose.  This  is  injected  with  a  very  small  needle,  not  under 
the  skin  but  into  the  skin.  If  the  injection  is  properly  made,  it 
should  cause  a  small  raised  white  looking  spot.  If  the  reaction  is 
negative,  there  is  no  further  discoloration  at  the  site  of  the  injection. 
If  the  reaction  is  positive,  the  area  within  twenty-four  hours  becomes 
reddened  and  slightly  edematous.  This  passes  off  in  forty-eight 
hours,  leaving  a  brownish  pigmentation.  A  positive  reaction  indi- 
cates that  the  individual  has  less  than  1/30  of  a  unit  of  natural  anti- 
toxin in  I  c.c.  of  blood,  and  such  individuals  are  to  be  considered 
susceptible  to  diphtheria.  A  negative  reaction  indicates  that  the 
individual  has  more  than  1/30  of  a  unit  of  natural  antitoxin  in  1  c.c. 
of  blood,  and  is  immune  to  diphtheria.  The  reaction  has  also  a 
diagnostic  value,  because  children  sick  with  diphtheria  show  a  posi- 
tive reaction  before  antitoxin  is  given. 

It  has  been  shown  that  most  newly  bora  infants  are  protected  by 
natural  antitoxin,  and  that  about  57  per  cent,  of  children  in  the  first 
year  of  life,  and  37  per  cent  of  children  between  two  and  five  years, 
are  immune. 

THROAT  CULTURES.— The  chief  purpose  for  which  cultures 
are  taken  from  the  throat  is  in  the  diagnosis  of  diphtheria.  A  cer- 
tain amount  of  evidence  can  also  be  gained  as  to  other  infecting  organ- 
isms, not  only  by  the  examination  of  cultures  from  the  throat,  but 
also  from  examination  of  cover  glass  preparations  made  from  the 
material  obtained  by  swabbing. 

Cultures  should  be  taken  from  all  cases  in  which  the  examination 
of  the  throat  shows  the  presence  of  exudate  or  membrane.  The  swab 
should  be  applied  to  the  edge  of  the  membrane  and  should  be  drawn 
rather  forcibly  across  the  suspected  area.  The  swab  is  then  rubbed 
upon  the  surface  of  a  blood  serum  culture  medium.  The  culture 
should  be  incubated  for  twelve  hours,  and  then  examined  by  means 
of  cover  glass  preparations.  The  best  routine  stain  is  LoEBer's  methy- 
lene-blue  solution.  The  diphtheria  bacillus  is  recognized  by  its 
peculiar  morphology. 

BLOOD  CULTURES.— In  a  great  number  of  infectious  conditions 
in  infancy  and  childhood,  the  bacteria  enter  the  blood  stream.  Cul- 
tures from  the  blood  are  often  very  valuable  in  diagnosis,  but  this 
method  is  not  employed  as  much  as  it  should  be  on  account  of  the 
supposed  difficulty  of  obtaining  blood  from  infants  and  young  chil- 
dren under  proper  sterile  conditions.  The  introduction  of  the  method 
of  obtaining  blood  from  infants  from  the  longitudinal  sinus  has  very 
much  simplified  the  technique  of  blood  cultures.    Exactly  the  same 
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them.  In  these  cases  a  differential  diagnosis  must  be  made  through 
a  careful  weighing  of  the  evidence.  In  making  a  differential  diag- 
nosis, it  is  unnecessary  to  consider  every  possibility  that  could  go 
with  every  symptom.  The  best  method  of  arriving  at  a  conclusion 
is  for  the  physician  to  select  the  most  prominent  symptom  or  group 
of  associated  symptoms,  which  demand  explanation.  He  should 
then  make  a  written  or  mental  list  of  all  the  conditions  which  could 
produce  this  group  of  symptoms.  He  should  then  consider  how  many 
of  these  possibilities  can  be  positively  excluded  by  the  different  kinds 
of  diagnostic  evidence  at  hand  or  obtainable.  If  more  than  one  pos- 
sibility be  left,  he  should  arrange  these  alternatives  in  the  order  of 
their  probability  as  suggested  by  the  evidence. 

Care  must  be  taken  in  excluding  possibilities  in  diagnosis.  A  dis- 
tinction must  be  drawn  between  clinical  evidence  which  positively 
excludes  a  certain  condition,  and  clinical  evidence  which  is  only 
against  a  certain  condition.  The  latter  class  of  evidence  can  only  be 
used  in  arranging  possibilities  in  the  order  of  their  probability. 

When  an  opinion  is  formed  as  to  the  diagnosis,  the  evidence  should 
again  be  reviewed  with  reference  to  whether  the  diagnosis  is  adequate 
to  account  for  all  the  symptoms  and  signs  of  disease  which  are  present. 
If  it  is  not  adequate,  the  possibility  of  two  things  must  be  considered; 
one  is  that  some  false  step  in  the  reasoning  has  led  to  a  mistaken 
diagnosis;  the  other  is  that  more  than  one  diseased  condition  may 
be  present.  The  clinical  evidence  must  be  reconsidered  with  a  view 
to  settling  these  alternatives. 

The  ability  to  make  an  accurate  diagnosis  in  early  life  depends 
upon  the  weighing  of  the  clinical  evidence.  If  the  standards  used  in 
diagnosing  disease  in  adults  are  used,  many  mistaken  diagnoses  will 
be  made  with  children.  The  physician  must  be  thoroughly  familiar 
with  the  anatomy,  physiology,  and  development  of  the  normal  child, 
and  with  all  the  pecuUanties  of  the  pathology,  symptomatology,  and 
diagnostic  methods  of  childhood. 


IV.    PROGNOSIS  IN  EARLY  LIFE 

■  The  most  important  factor  in  the  prognosis  of  disease  in  early 
life  is  the  age  of  the  patient.  The  general  rule  is  that  the  yomiger 
the  patient,  the  worse  is  the  prognosis  in  all  the  diseases  of  childhood. 
It  is  for  this  reason  that  the  mortality  of  the  first  year  of  life  is  .so 
high,  and  that  it  shows  a  progressive  diminution  throughout  the  re- 
maining years  of  childhood.  I  shall  not  take  time  here  to  review 
the  much  discussed  question  of  infant  mortaUty,  nor  to  show  in 
detail  the  relative  frequency  of  the  different  causes  of  death  at  the 
different  ages. 

The  causes  of  the  high  mortality  of  infancy  may  be  summarized 
as  follows:  In  the  first  place,  there  is  the  feeble  resistance  of  the 
infantile  organism  in  general  to  all  the  external  causes  of  disease. 
This  feebleness  of  resistance  is  shown  not  only  against  those  external 
causes  which  produce  disturbance  of  function,  but  also  against  in- 
fections. In  the  second  place,  the  feeble  resistance  of  the  undeveloped 
organism  may  be  increased  both  by  inherited  conditions  and  by  con- 
genital faults  of  development.  A  third  cause  is  the  prevailing  ignor- 
ance as  to  the  hygienic  demands  of  the  young  organism  and  the 
conditions  which  are  essential  to  its  proper  health  and  growth. 

In  the  first  year  of  life,  gastro-intestinal  conditions  rank  first  as 
a  cause  of  death,  with  acute  respiratory  tract  infection  second,  con- 
genital malnutrition  third,  and  other  acute  infections  fourth.  In 
the  second  year,  diseases  of  the  gastro-intestinal  tract  still  hold  first 
place.  It  is  difficult  to  draw  a  distinction  between  acute  infections 
of  the  respiratory  tract  and  the  acute  contagious  diseases,  because 
death  so  often  occurs  when  the  former  is  a  complication  of  the  latter. 
Measles,  diphtheria,  and  pertussis,  with  their  pulmonary  complica- 
tions appear  to  hold  second  place,  but  in  my  opinion,  the  statistical 
figures  of  infant  mortality  show  altogether  too  low  a  proportion  for 
acute  tuberculosis  and  tuberculous  meningitis.  After  the  second 
year,  the  acute  infections  rank  ahead  of  all  other  causes. 

In  considering  questions  of  prognosis,  it  must  be  remembered  that 
in  general,  infants  and  young  children  succumb  easily  to  acute  con- 
ditions. They  also  show  much  more  markedly  the  effects  of  chronic 
functional  disturbance.  On  the  other  hand,  numerous  diseases 
accompanied  by  organic  lesions  in  early  life,  show  a  remarkable 
possibility  of  complete  recovery  as  compared  with  adult  life.  Many 
organic  conditions  which  in  adults  would  be  permanent  can  in  chil- 
dren be  "outgrown,"  provided  that  the  patient  can  be  placed  under 
proper  hygienic  surroundings.    This  power  of  recovery  from  organic 
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4.  In  some  diseases  the  speciEc  organism  has  been  so  recently  dis- 
covered, that  there  has  not  been  sufficient  time  to  investigate  the 
problem  of  immunity,  and  to  build  a  satisfactory  foundation  for 
serum    therapy.    Examples,    pertussis,    pohomyeloencephalitis. 

5.  In  some  infections  the  specific  organism  does  not  represent  a 
single  type,  but  includes  a  variety  of  strains,  each  with  its  particular 
immune  reaction  of  varying  complexity.  Much  time  will  be  required 
for  the  study  and  differentiation  of  these  strains  and  their  immune 
reactions,  before  an  effective  serum  therapy  will  become  practical. 
Examples  are  the  pneumococcus,  the  streptococcus,  rheumatic  fever. 

It  will  be  seen  from  the  causes  of  failure  up  to  the  present  tune, 
that  the  outlook  for  further  progress  in  serum  Uierapy  b  by  no  means 
hopeless  or  discouraging.  The  majority  of  the  difficulties  are  of  a 
character  to  suggest  that  they  are  capable  of  solution.  It  is  for 
this  reason  that  among  the  various  fields  of  medical  research,  the 
greatest  amomit  of  activity  is  found  in  the  study  of  infection  and 
immunity.  We  must  look  mainly  to  the  results  of  this  study  and 
research  for  further  advances  in  specific  therapy. 

VACCINE  THERAPY.— This  consists  in  the  inoculation  of  the 
patient  with  a  bacterial  preparation  with  a  view  to  stimulating  the 
patient's  tissues  to  the  production  of  immune  bodies,  or  to  an  immune 
reaction. 

Immunological  studies  have  demonstrated  that  when  bacteria  are 
killed  by  heat,  the  substances  contained  in  the  bacterial  cells  which 
excite  the  formation  of  immune  bodies  in  the  patient,  are  not  destroyed. 
In  some  instances  the  injurious  endotoxin  is  not  the  same  as  the  anti- 
gens, or  substances  which  excite  antibody  formation.  It  is  mainly 
the  multiplication  of  bacteria  in  the  body  which  causes  harm,  and  this 
is  prevented  by  the  method  of  preparation.  The  majority  of  vaccines 
consist  of  suspensions  of  dead  bacteria  in  normal  salt  solution,  the 
dose  being  measured  by  the  number  of  dead  bacteria  given.  In 
using  a  vaccine,  the  number  of  dead  bacteria  in  a  certain  quantity 
of  the  solution  must  be  known,  in  order  to  regulate  the  dose.  These 
vaccines  are  injected  subcutaneousty. 

The  tuberculosis  vaccine  known  as  tuberculin  is  an  extract  of  the 
tubercle  bacillus,  and  the  dose  is  measured  in  milligrams.  The 
vacdne  used  against  small-pox  is  the  living  unknown  virus  of  cow- 
pox,  and  is  inoculated  into  an  abrasion  of  the  skin. 

The  chief  value  of  vaccine  therapy  is  prophylactic  mther  than 
curative.  The  efficacy  of  the  inoculation  of  bacterial  products  in 
producing  an  active  immunity  against  certain  diseases,  has  been 
established  beyond  the  possibility  of  a  doubt.  Except  in  the  case 
of  vaccination  against  small-pox,  prophylactic  vaccination  has  at 
present  a  very  small  place  in  pediatrics.    It  is  only  under  exceptional 
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ze  about  number  36  French  scale.  The  catheter  is  connected 
he  rubber  tubing  coming  from  the  syringe  by  means  of  a  bit 
s  tubing.  In  place  of  the  fountain  syringe,  a  funnel  and 
may  be  employed.  Double  current  tubes,  or  two  catheters, 
outflow,  the  other  for  inflow,  are  unnecessary.  The  syringe 
about  two  feet  above  the  level  of  the  child,  and  is  flUed  with 
gating  fluid,  which  in  routine  cases  should  be  normal  salt 
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Irrigation  of  the  colon 

is  placed  upon  its  back,  with  the  thighs  flexed,  and  the 

jught  to  the  edge  of  the  bed  or  table.    A  Kelly  pad  or 

should  be  arranged  to  form  a  trough  leading  into  a  tub 

n.    The  catheter  is  oiled,  and  the  water  is  turned  on  and 

>w  until  the  cold  water  in  the  tube  has  escaped.     The  end 

ter  is  then  introduced  through  the  anus  with  the  water 

is  gradually  pushed  upward  as  far  as  possible,  usually 

:e  of  twelve  or  fourteen  inches.     The  pushing  of  the 

ndered  easy  by  the  fact  that  the  running  water  disteods 

ahead  of  the  tube.    If  on  account  of  the  peristalsis 

itheter  turns  on  itself  and  comes  back  through  the  anus, 

introduced  and  pushed  up  again.     There  is  no  danger 

tion  of  the  intestine,  as  active  peristalsis  is  always  ex- 
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catheter  has  entered  the  stomach,  the  funnel  should  be  raised  as  high 
as  possible,  to  facilitate  the  escape  of  any  gas  which  may  be  present, 
and  should  then  be  lowered  in  order  to  siphon  out  any  fluid  con- 
tents. The  funnel  is  then  raised  and  warm  water  at  a  temperature 
of  about  ioo°  F.  is  poured  into  it  from  a  pitcher.  The  amount  of 
water  varies  with  the  age  of  the  child,  and  should  be  approximately 
equal  to  the  quantity  of  milk  given  at  a  feeding  at  that  age.  The 
funnel  is  then  lowered  and  the  water  is  siphoned  out.  This  pro- 
cedure is  repeated  a  number  of  times  until  the  fluid  comes  back  clear. 
A  number  of  repeated  washings  are  often  required  to  break  up  the 
large  curds  which  sometimes  interfere  with  the  flow  of  fluid. 

Stomach  washing  is  practically  never  employed  in  children  over 
three  years  old,  and  is  most  commonly  indicated  in  the  first  two 
years  of  life.  Indications  for  this  procedure  will  be  given  under  the 
several  diseases  in  which  it  is  used. 

Fig.  47 


Irrigation  of  the  ear 

Syringing  the  Ears. — This  is  best  performed  with  a  syringe'made 
tirely  of  soft  rubber.  The  child  should  be  lying  on  its  back  in 
e  position  shown  in  the  illustration.  This  is  one  of  the  most  fre- 
ent  procedures  in  the  therapeutics  of  early  life,  owing  to  the  very 
nmon  occurrence  of  middle  ear  disease. 
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General  Therapeutic  Measures 

Nasal  Irrigation. — This  may  be  given  by  means  of  a  \ 
syringe,  or  with  any  form  of  hand  syringe  which  has  a  sofi 
tip  and  with  which  the  pressure  can  be  easily  regulated.  Tl 
tain  syringe  should  not  be  higher  than  two  feet  above  th 
The  patient  lies  on  its  side  with  its  mouth  open.  The  irrij 
given  through  the  upper  nostril,  and  then  the  child  is  turnec 
other  side  for  irrigation  through  the  other  nostril.  The  flui< 
return  either  through  the  lower  nostril  or  through  the  mouti: 
must  be  taken  in  using  the  hand  syringe  not  to  employ  t< 
pressure,  as  the  fluid  may  be  forced  into  the  eustachian  tubt 

Fig.  48 


Irrigation  of  the  nose 

Spraying  the  Nose  and  Throat. — This  procedure  is  best  pe 
with  some  form  of  atomizer.  Either  aqueous  or  oily  solutions  s 
the  character  of  the  solution  being  determined  by  that  of  the 

Gargles. — Gargling  the  throat  is  impossible  with  infants 
only  used  in  older  children.  The  character  of  the  gargle  var 
that  of  the  condition  in  which  it  is  indicated. 

Syringing  the  Mouth  and  Throat. — This  is  sometimes  ii 
in  children  too  young  to  gargle.  The  child  should  either  1 
on  its  side,  or  held  in  a  sitting  posture  with  the  head  incUned  1 
Any  form  of  syringe  may  be  used  in  this  procedure. 
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[ONS. — These  are  very  useful  in  various  affections  of 
f  tract.  They  are  given  in  the  form  of  vapor,  either 
eing  employed,  or  vapor  from  boiling  water  to  which 
il  agent  has  been  added.  In  the  mildest  cases,  a  bowl 
er  may  be  surrounded  with  a  newspaper  folded  in  such 
ncentrate  the  vapor,  and  the  child  is  held  over  the  bowl 
>  breathe  the  steam.  To  be  thoroughly  efTective,  how- 
nt  should  be  imder  a  tent.  Such  a  tent  can  be  impro- 
rib  in  various  ways  by  means  of  a  sheet.  A  rubber 
better  than  an  ordinary  cotton  one.  To  generate  the 
>rt  of  croup  kettle  or  vaporizer  may  be  employed,  and 
ind  safe  means  must  be  devised  to  conduct  the  steam 
1  kettle  or  vaporizer  to  the  tent.  Many  of  the  croup 
market  are  dangerous,  but  there  are  some  good  ones, 
ious  forms  of  apparatus  for  giving  medicated  inhala- 
>esolene  lamp  is  in  common  use,  but  steam  inhala- 
.  and  croup  kettle  are  preferable. 
. — Enemata  are  used  for  four  purposes,  (i)  as  a  means 
r  cleansing  the  bowel,  (2)  as  a  means  of  introducing 
as  a  means  of  introducing  medication,  {4)  as  a  means 
fluid  or  of  stimulation. 

R  Cleansing  Enehata. — For  the  purpose  of  simply 
Dowel  or  of  cleansing  the  rectum,  the  ordinary  soap- 
best.  In  marked  constipation  when  the  fecal  mass 
y,  enemata  of  olive  oil  are  used — about  one  ounce, — 
iften  be  advantageously  followed  by  a  soapsuds  enema, 
iate  and  certain  emptying  of  the  bowels  is  desired,  a 
glycerin  in  one  ounce  of  water  should  be  injected  for 
ger  quantity  being  used  for  older  children. 
Enemata. — Peptonized  milk  was  formerly  recom- 
im  convinced  that  the  most  efhcient  nutrient  enemata 
of  a  solution  of  dextrose  (glucose).  A  six  per  cent. 
be  employed,  and  the  quantity  given  at  each  injec- 
y  with  the  age  of  the  child.  Young  infants  will  not 
n  one  or  two  ounces,  older  infants  not  more  than  two 
older  children  four  to  six  ounces.  The  interval  be- 
ions  should  usually  be  four  hours. 
iNEMATA. — The  giving  of  drugs  by  rectum  is  often 
ancy  and  childhood,  either  on  account  of  vomiting 
f  the  unpleasant  taste.  The  medicine  may  be  given 
gruel.  The  quantity  of  diluent  used  should  be  the 
'.rient  enemata.  With  both  nutrient  and  medicated 
seful  in  infancy  to  press  the  buttocks  together  for 
er  the  injection,  to  prevent  expulsion. 


i 


General  Therapeutic  Measures 

INTRAVENOUS  INJECTIONS— This  procedure  has  hil 
been  very  little  if  at  all  employed  in  infancy  and  childhood,  f 
pally  on  account  of  the  difficult  technique  caused  by  the  sma.'. 
of  the  veins.  I  have  recently  adopted  the  plan  of  employin 
longitudinal  sinus  for  purposes  of  intravenous  injection  in  infant 
open  fantanelles.  This  greatly  simplifies  the  technique,  and  I 
been  gradually  using  intravenous  injections  more  and  more  in  inl 

Drugs —including  the  various  stimulants  from  which  quick  i 
is  desired — salvarsan  in  syphilis,  and  sodium  bicarbonate  in  aci 
may  be  given  in  this  way.    It  is  a  most  efficient  means  of 

Fio.  51 


Intravenous  injectiona  in  infancy — tapping  the  cerebral  ventricles 
A,  Point  where  the  needle  is  introduced  in  obtaining  blood  for  examination,  . 
intraveneous  injections  and  transfusion 
B.  Point  where  the  needle  is  introduced  in  tapping  the  cerebral  ventricle 

ducing  normal  salt  solution  rapidly  into  the  general  circul 
Nutriment  also  may  be  introduced  directly  into  the  blood  in  tht 
of  dextrose  by  means  of  this  procedure.  I  have  found  intrav 
dextrose  injections  of  great  value  in  certain  cases  of  extreme 
tion,  atrophy,  and  malnutrition,  and  have  been  able  to  demon 
that  most  if  not  all  of  the  dextrose  thus  introduced  is  actually  u 
for  the  purpose  of  energy  production,  only  a  little  if  any  being  ex 
in  the  urine. 


)6  Disease  in  Early  Life 

The  technique  is  simple.  If  the  injection  is  of  a  small  bulk  which 
in  be  contained  in  a  small  syringe,  no  more  apparatus  is  required 
lan  a  sterile  syringe  and  hj'podermic  needle.  If  the  injection  is  of 
Tger  bulk,  as  in  tlie  case  of  normal  saline,  sodium  bicarbonate,  or 
jxtrose  injections,  a  somewhat  larger  needle  must  be  used,  and  this 

connected  with  a  rubber  tube,  which  in  turn  is  connected  with  a 
rge  syringe.    A  funnel  may  be  employed  instead  of  a  syringe,  but 

syringe  has  the  advantage  that  with  it  the  physician  can  make 
ire  that  the  needle  is  actually  in  the  sinus. 

Fic.  S3 


Intravenous  injection  in  infancy 

Before  beginning  the  injection  the  entire  apparatus  is  sterilized. 
Vo  assistants  are  required,  one  to  hold  the  child's  head  firmly,  the 
ther  to  manage  the  syringe.  The  syringe  is  filled  with  the  fluid  to 
e  injected,  connected  with  the  tube  and  needle,  and  all  air  is  expelled. 
lie  region  of  the  fontanelle  is  sterilized  and  the  physician  enters 
he  needle  in  the  median  line  at  the  posterior  angle  of  the  fontanelle. 
"he  entrance  of  the  needle  into  the  sinus  can  usually  be  recognized 
y  a  sudden  lessening  of  the  resistance.  The  physician  now  holds 
he  needle  steady  while  the  assistant  in  charge  of  the  syringe  slightly 
withdraws  the  piston.     If  the  needle  is  in  the  vein,  blood  will  imme- 
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diately  appear  at  the  glass  window  of  the  tube.  The  assistant  then 
reverses  the  pressure  and  slowly  injects  the  fluid  into  the  sinus.  Dis- 
tention of  the  veins  of  the  scalp  is  a  sign  that  the  fluid  is  being  injected 
too  rapidly.  The  injection  should  consume  from  ten  to  fifteen  min- 
utes, and  the  amount  injected  should  be  one  sixtieth  of  the  infant's 
body  weight.    In  dextrose  injections  a  5  per  cent,  solution  is  used, 

USEFUL  DRUGS  IN  INFANCY  AND  CHILDHOOD 

The  number  of  drugs  used  in  the  treatment  of  disease  in  infancy 
and  childhood  is  comparatively  small.  It  is  far  better  for  the  physi- 
cian to  understand  thoroughly  the  use  of  a  few  drugs  than  to  use 
many  at  random.  It  is  essential  also  that  the  physician  shall  thor- 
oughly understand  the  action  of  every  drug  used,  and  that  he  should 
never  prescribe  a  drug  unless  the  indications  for  its  use  are  clear.  In 
considering  the  indications  for  drug  treatment,  it  is  important  to 
remember  the  idiosyncrasies  of  children  in  general  toward  drugs,  and 
also  to  be  on  the  watch  for  individual  idiosyncrasy. 

In  giving  a  drug,  the  physician  should  proportion  the  dose  to  the 
age  of  the  patient,  and  when  a  drug  has  been  given,  he  should  watch 
carefully  its  effect.  If  the  desired  effect  is  produced  without  toxic 
symptoms,  it  is  a  sign  that  the  dose  is  suf^cient.  If  toxic  effects 
occur,  the  drug  should  be  omitted  for  a  time,  and  when  it  is  resumed 
smaller  doses  should  be  given.  If  no  effect  is  observed,  increase  the 
dose,  carefully  watching  for  either  a  good  or  a  toxic  effect.  If  no 
effect  is  then  produced,  the  drug  or  particular  preparation  must  be 
changed. 

In  the  following  list,  those  drugs  which  are  most  important  and 
most  frequently  used  in  the  treatment  of  infants  and  children  are 
indicated.  It  is  assumed  that  the  physician  is  familiar  with  the  gen- 
eral description  of  these  drugs  and  with  the  facts  about  their  action, 
elimination,  toxic  effects,  and  contraindications.  The  purpose  of  the 
list  is  mainly  to  point  out  the  particular  purposes  for  which  the 
drugs  are  used  in  early  life,  to  point  out  any  peculiarities  which  attend 
their  administration  to  infants  and  children,  and  to  indicate  the  doses 
appropriate  at  the  different  ages.  It  is  extremely  difficult  to  classify 
the  drugs  which  are  most  useful  in  Pediatrics.  They  cannot  well  be 
divided  on  a  basis  of  their  importance  on  account  of  the 
great  diversity  of  the  purposes  for  which  they  are  used.  The 
classification  used  in  the  list  is  not  by  any  means  complete.  Many 
of  the  drugs  listed  under  one  heading  have  also  a  pharmacological 
action  which  would  bring  them  under  another  heading.  The  classi- 
fication is  used  mainly  for  convenience,  and  no  effort  is  made  to  list 
them  in  the  order  of  the  frequency  of  their  employment.  The  doses 
given  are  minimum,  those  with  which  it  is  safe  to  begin. 


tory  collapse.    It  is  given  only  subcutaneously  or  intravenously  in 

the  form  of  a  lo  per  cent,  solution  in  oil.  The  doses  of  this  solution 
are  as  follows: 

One  to  ux  monthi,  m.  TI 

Six  months  to  a  year,  m.  in 

One  to  two  years,  m.  V 

Two  to  five  years,  in.  VII 

Over  five  years,  m.  X 

Adrenalin. — This  is  occasionally  useful  in  sudden  circulatory  col- 
lapse, especially  when  of  vasomotor  origin.  The  preparation  is  a 
one  to  one  thousand  solution  of  adrenalin  chloride.  Parke,  Davis 
&  Company's  is  a  good  preparation.  It  is  given  only  hypodermically 
or  intravenously.    The  dose  -is  as  follows: 

One  to  ax  mouths,  m.  I 

Six  months  to  one  year,  m.  TI 

One  to  two  yean,  m.  IH 

Two  to  five  years,  m.  IV 

Over  five  years,  m.  V 

Strychnin. — This  is  used  only  rarely  as  a  stimulant  in  early  life, 
in  certain  particular  conditions.  Its  indication  will  be  noted  under 
the  diseases  in  which  it  is  occasionally  useful.  It  is  given  hypoder- 
mically in  the  form  of  strychnin  sulphate.     The  dose  is  as  follows: 


One  to  six  months. 

gr- 

1/800 

Six  months  to  one  year, 

gr. 

i/soo 

If, 

1/300 

Two  to  five  years, 

gr. 

1/200 

Over  five  years. 

gr. 

i/ioo 

oto  1/60 

THEOBROMiN-SoDnni  Salicylate. — This  is  a  double  salt  of  theo- 
bromin-sodium  and  sodium  salicylate.  "Diuretin"  is  a  trade-name 
of  a  similar  preparation.  It  is  described  in  "New  and  Non-Official 
Remedies,  1914."  Theobromin-sodium  salicylate  is  a  diuretic,  act- 
ing directly  on  the  renal  epithelium.  It  is  slightly  irritating  to  the 
kidneys  and  is  contraindicated  in  acute  nephritis.  Its  toxic  effect 
is  vomiting.  The  chief  indication  in  children  is  in  cardiac  disease 
with  edema. 

To  young  children  who  do  not  mind  the  bad  taste,  the  drug  may 
be  given  in  solution;  to  older  children  it  may  be  given  in  capsules. 
The  dose  is  as  follows: 


One  to  six  months, 

gr.  I 

Six  monlhs  to  one  year. 

gr.II 

One  to  two  years, 

(tr.  Ill 

Two  to  five  years. 

gr.  V 

Over  five  years, 

gr.  V  to  X 

Given  four  times  a  day  by  mouth. 

A  substitute  having  a  similar  action  is  the  patented  preparation 
known  as  Iheocin.  It  is  used  in  smaller  doses,  from  one-fifth  to  one- 
half  the  quantity  of  diuretin  being  given  at  a  dose. 


I  I 
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SEDATIVES. — This  group  includes  drugs  whose  principal  action 
is  upon  the  nervous  system.  In  it  are  described  drugs  which  are 
given  for  the  purpose  of  quieting  nervous  excitability,  and  also  drugs 
other  than  the  opiates  which  are  used  for  the  relief  of  pain,  or  to  pro- 
duce sleep. 

■  Sodium  Bromide.— The  bromides  are  by  far  the  most  generally 
useful  sedatives  in  infancy  and  childhood.  The  sodium  salt  is  to 
be  preferred  to  the  potassium  or  ammonium  salts  for  use  in  child- 
hood. Owing  to  the  fact  that  the  nervous  system  in  early  life  is 
particularly  liable  to  disturbance  of  function,  sodium  bromide  is 
indicated  in  the  symptomatic  treatment  of  a  great  variety  of  condi- 
tions. It  is  also  indicated  in  the  more  pronounced  forms  of  nervous 
irritability,  such  as  convulsions.  It  is  well  borne  by  children  and  is 
proportionately  less  likely  to  produce  vomiting  than  in  adults.  Toxic 
effects  are  vomiting,  acne,  coryza,  and  somnolence. 

Sodium  bromide  is  administered  in  watery  solution  well  diluted. 
It  is  given  by  mouth  except  in  cases  where  vomiting  is  present  or 
where  swallowing  is  impossible.  Under  the  latter  conditions  it  is 
given  by  rectum.  The  dose  varies  somewhat  with  the  purpose  for 
which  the  drug  is  prescribed.  As  a  sedative  in  comparatively  mild 
conditions,  the  dose  is  as  follows: 


One  to  six  months. 

gr.  i/i 

pI 

Six  months  to  one  j-ear. 

Ir.I 

It.n 

One  to  two  years, 

gT.  I-l/l 

gT.  Ill 

Two  to  live  years. 

gr.II 

gr.lV 

Over  five  years, 

gr.  Ill  to  IV 

gr.  VI  to  X 

given  every  four  hours. 

When  sodium  bromide  is  given  for  the  purpose  of  checking  serious 
symptoms  such  as  convulsions  or  vomiting,  the  doses  must  be  some- 
what larger,  as  follows: 


One  to  ai  months. 

gr.  1-iA 

gr.  m 

Six  montlis  to  one  year, 

gr.  II-i/i 

gr.V 

One  to  two  years, 

gr.V 

gr.X 

Two  to  five  years. 

gr.VII 

gr.  XV 

Over  five  years, 

gr.XtoXV 

gr.  XX  to  XXX 

Given  as  a  single  dose  and  repeated  as  often  and  in  whatever  doses 

as  are  necessary  to  produce  the  desired  effect. 
Chloral. — The  chief  use  of  chloral  in  early  hfe  is  to  check  severe 

convulsions  in  infancy.    It  is  well  borne  even  by  quite  young  infants. 

It  should  always  be  given  in  solution  by  rectum.    The  dose  is  as 

follows: 

One  to  three  months,  gr.  I 

Three  to  six  months,  gr.  II 

Sn  to  twelve  montlu,  gr.  Ill 

One  to  two  years,  gr.  V 
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also  in  typhoid  fever,  to  prevent  bacilluria  and  cystitis.  The  dose 
is  as  follows: 

One  to  ail  months,  gr.  II     three  times  a  day 

Six  months  to  one  year,  gr.  Ill  three  times  a  day 

One  to  two  years,  gr.  V     three  times  a  day 

Two  to  five  years,  gr.  VII  three  times  a  day 

Over  five  years,  gr.  X     three  times  a  day 

The  drug  is  given  in  solution  which  may  be  so  put  up  that  a  teaspoon- 
ful  contains  the  required  dose.    It  should  be  given  with  plenty  of  water. 

"Urotropin,"  "formin,"  and  "aminoformin,"  are  proprietary  names 
applied  to  hexamethylenamin. 

SoDTOM  Bicarbonate. — This  is  used  in  infancy  and  childhood  in  a 
great  variety  of  conditions,  among  which  are  the  following:  (i)  In 
the  modification  of  cow's  milk  for  infant  feeding;  (2)  as  an  antacid 
acting  locally  in  certain  disturbances  of  digestion;  (3)  as  a  means  of 
making  the  unne  alkaline;  (4)  as  a  means  of  diminishing  the  acidity 
of  the  blood.  The  dosage  and  method  of  administering  vary  widely 
with  the  different  purposes  for  which  bicarbonate  of  soda  is  used, 
and  will  be  given  under  the  various  indications. 

Bismuth  Subnitrate. — This  a  mild  astringent  and  antacid,  and 
combines  with  the  sulphuretted  hydrogen  in  the  intestine  to  form  a 
black  insoluble  sulpha.tc.  In  childhood  it  is  chiefly  used  in  the  treat- 
ment of  certain  forms  of  diarrhea.  A  good  preparation  for  infants 
is  the  milk  of  bismuth  (Parke,  Davis  and  Co.),  which  can  be  given  in 
the  feedings;  each  teaspoonful  contains  5  gr.  of  bismuth  subnitrate. 
The  doses  are  as  follows:  Infants,  gr.  V.  Older  children,  gr.  X. 
Given  every  four  hours,  or  repeated  after  each  loose  movement. 

Potassium  Chlorate.— This  is  chiefly  used  in  the  treatment  of 
certain  forms  of  stomatitis  in  infancy  and  early  childhood.  Its  bene- 
ficial effect  comes  from  the  fact  that  it  is  almost  wholly  excreted  with 
the  saliva.  When  given  in  over-doses,  it  is  toxic,  the  symptoms  being 
drowsiness,  suppression  of  urine,  cardiac  weakness,  and  sometimes 
cyanosis.  The  best  method  of  administering  it  is  to  put  the  entire 
twenty-four  hour  amount  into  a  glass  of  water,  and  to  divide  the 
doses  in  such  a  way  that  they  will  be  given  as  frequently  as  possible. 
The  following  is  the  quantity  which  can  be  taken  in  twenty-four  hours 
at  the  different  ages: 


Under  one  year, 

gr.X 

One  to  two  years. 

gr.XV 

Two  to  HI  years, 

gr.XX 

Six  to  eight  years. 

gr.XXV 

Eight  to  fourteen  years, 

gr.XXX 

Sw^EET  Spirits  of  Nitre.  (Spiritus  aetheris  nitrosi). — ^This  is 
used  in  infants  as  a  tnild  diuretic  and  antipyretic.  The  doses  are  as 
follows : 


I ;  doses  should  be  at  first  gr.  1/4  three  times  a  day,  and  this  is  gradu- 

I  ally    increased.     Signs  of    over-dosage  are  wakefulness,    sweating, 

tachycardia,  or  rise  of  temperature. 

ROUTINE  TREATMENT  OF  AN  ACUTE  SELF- 
I  ,  LIMITED  DISEASE 

In  order  to  avoid  needless  repetition  in  the  description  of  the  treat- 
I  I  ment  of  various  diseases,   the  routine  treatment  of  an  acute  self- 

I  ,  limited  disease  will  be  described  here.     It  will  then  only  be  necessary 

j  I  in  the  description  of  the  particular  diseases  of  this  class  to  enumerate 

'  I  any  special  modifications  called  for  by  the  special  etiology  and  symp- 

'  ;  toms  of  the  several  diseases.     The  duty  of  the  physician  in  an  acute 

!  ,  self-limited  disease  may  be  summarized  as  follows: 

1.  The  hygienic  care  of  the  patient. 

2.  Directing  the  diet. 

3.  Attending  to  the  bowels. 

4.  The  treatment  of  symptoms. 

5.  Watching  for  complications. 
To  these  may  be  added  in  certain  diseases — 

6.  The  establishment  of  quarantine  and  the  carrying  out  of  proper 
means  of  disinfection. 

Hygienic  Care. — Children  with  an  acute  self-limited  disease 
should  invariably  be  kept  in  bed  during  the  entire  febrile  period,  and 
for  a  certain  time  after  the  fever  has  subsided.  The  length  of  time 
during  which  they  should  be  kept  in  bed  after  the  temperature  has 
come  down  permanently  to  the  normal  varies  with  the  several  dis- 
eases. The  sick-room  should  preferably  be  one  with  a  sunny  exposure. 
Plenty  of  fresh  air  should  always  be  secured  at  all  times.  In  winter 
an  open  fire  in  the  sick-room  is  very  desirable. 

Every  detail  of  the  nursing  should  be  carefully  supervised,  and 
good  nursing  is  the  prime  essential  in  the  treatment  of  the  acute 
febrile  diseases.  It  is  usually  best  for  the  child  not  to  walk  or  be 
carried  to  the  bathroom,  but  to  remain  continuously  in  bed,  using 
the  bedpan.  Sponge  baths  should  be  given  in  bed.  Plenty  of  water 
should  be  given  in  all  febrile  diseases. 

The  management  of  convalescence  is  important.  The  time  when 
the  child  is  allowed  to  get  out  of  bed  depends  mainly  on  the  rapidity 
with  which  its  strength  returns,  and  varies  with  the  character  and 
severity  of  the  disease.  It  is  usually  best  to  keep  children  in  bed 
for  some  time  after  they  are  anxious  to  get  up,  even  though  recovery 
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The  physician  should  note  carefully  the  total  amount  of  food  taken 
each  day.  It  is  undesirable  to  force  food  upon  children  who  have 
marked  loss  of  appetite.  In  an  acute  febrile  disease,  anorexia  is 
Nature's  method  of  protecting  the  patient  against  disturbance  of 
digestion.  On  the  other  hand,  anorexia  may  be  so  extreme  that  an 
insufficient  amount  of  food  is  taken.  If  this  occurs  only  during  the 
first  one  or  two  days  of  the  illness,  no  attention  need  be  paid  to  it, 
even  if  practically  no  food  be  taken.  If,  however,  it  continues  longer 
than  the  first  two  days,  forced  feeding  may  be  necessary.  In  such 
cases  gavage  must  be  resorted  to.  Gavage  is  most  often  indicated 
in  infants,  but  is  occasionally  required  in  older  children  also.  If, 
however,  in  older  children  insufficient  food  is  taken  on  account  of 
anorexia  rather  than  on  account  of  delirium  or  coma,  an  effort  should 
be  made  to  increase  the  amount  of  food  taken  by  persuasion,  before 
resorting  to  gavage. 

The  Bowels. — The  nurse  should  be  directed  to  give  an  enema 
every  other  day  as  a  routine,  if  the  bowels  do  not  move.  When  the 
physician  finds  that  these  enemata  are  required,  he  should  order  a 
mild  laxative  to  be  given  daily,  provided  that  it  does  not  upset  the 
stomach.    Magnesia,  or  some  mild  saline  may  be  used  for  this  purpose. 

It  is  usually  a  good  plan  to  empty  the  bowels  at  the  onset  of  an 
acute  febrile  disease.  For  this  purpose  castor  oil  is  best;  if  there  is 
vomiting,  calomel  should  be  used. 

The  Tkeatment  of  Symptoms. — As  there  is  no  specific  drug  treat- 
ment for  the  acute  febrile  diseases,  no  drug  should  be  given  as  a  routine. 
The  majority  of  cases  of  acute  febrile  disease  in  children  require  no 
drug  treatment  whatever.  It  is,  however,  very  commonly  said  that 
it  is  difficult  in  private  practice  to  retain  the  confidence  of  the  par- 
ents of  the  patient  if  no  medicine  is  given.  They  do  not  realize  thai 
the  hygienic  care,  nursing,  and  attention  to  the  diet  and  bowels  are 
the  chief  essentials  of  treatment,  and  feel  that  if  nothing  is  prescribed, 
nothing  is  being  done  for  the  child.  In  my  experience,  the  old  super- 
stition as  to  the  necessity  of  medicinal  treatment  is  gradually  passing 
away;  the  modem  mother  of  the  educated  classes,  in  this  community 
at  least,  often  not  only  knows  that  routine  medicinal  treatment  is 
not  necessary,  but  is  even  apt  to  judge  any  physician  who  uses  it  as 
old  fashioned  and  behind  the  times.  I  realize,  however,  that  among 
many  classes  of  people,  and  in  other  communities,  the  parents  of  sick 
children  demand  drugs.  In  such  cases  the  physician  should  take 
care  to  prescribe  nothing  which  can  possibly  do  any  harm.  Sweet 
spirits  of  nitre  in  small  doses  will  sometimes  satisfy  the  parents.  On 
the  other  hand,  the  physician  should  watch  most  carefully  for  every 
symptom  which  does  require  treatment,  or  which  can  be  benefited  in 
any  way  I  y  treatment.    When  such  symptoms  arise,  the  proper  treat- 
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ment  should  be  instituted  at  once.  Even  in  these  cases,  however,  the 
various  therapeutic  measures  other  than  drugs  are  usually  of  the 
greatest  value. 

Complications.— The  physician  should  watch  most  carefully  for 
the  appearance  of  complications,  as  they  are  not  uncommon  in  the 
acute  febrile  diseases.  An  adequate  physical  examination  should 
never  be  neglected  at  any  visit.  One  of  the  chief  dangers  in  the  acute 
self-limited  diseases  is  the  liability  to  complication,  and  their  early 
recognition  and  proper  treatment  is  of  the  hist  importance. 

Quarantine  and  Disinfection. — The  measures  used  in  preventing 
the  transmission  of  the  infection  to- other  persons  will  be  described 
under  the  contagious  diseases. 

ROUTINE  TREATMENT  OF  A  CHRONIC  DISEASE 

In  many  chronic  diseases  it  is  not  necessary  for  the  child  to  be  kept 
in  bed.  Whether  or  not  bed  is  necessary  depends  entirely  upon  the 
patient's  strength.  Chronic  cases  should  have  as  much  open  air 
treatment  as  possible,  and  whenever  weather  conditions  permit,  the 
child  should  be  taken  out  doors  or  its  bed  should  be  placed  out  doors. 
The  hygienic  measures  applicable  to  chronic  diseases  are  the  same 
as  those  indicated  for  the  healthy  child,  with  whatever  modi&cations 
may  be  demanded  by  the  character  of  the  disease.  The  same  is  true 
of  the  diet.  In  my  experience,  many  children  with  chronic  disease 
are  kept  in  bed  too  much. 


DIVISION  III 

DISEASES  OF  THE  NEWBORN 
I.    MALFORMATIONS 

The  commonest  diseased  conditions  seen  in  newborn  infants  are 
the  various  gross  developmental  lesions  known  as  malformations. 
The  malformations  are  so  very  numerous,  that  their  detailed  descrip- 
tion would  occupy  much  space.  Almost  any  part  of  the  body  may 
be  involved.  Usually  the  malformation  is  external,  and  its  nature 
is  recognizable  at  once.  The  only  question  which  confronts  the 
physician  is  whether  the  condition  is  one  which  offers  hope  of  relief 
through  surgical  treatment.  Occasionally,  the  malformation  is 
internal,  and  gives  rise  to  symptoms  of  functional  disturbance  of  so 
vague  a  character  that  a  diagnosis  cannot  be  made  at  once.  Such 
cases  play  an  important  part  in  diagnosis. 

The  most  important  malformations  are  described  in  the  divisions 
devoted  to  the  different  organs  or  tracts  of  the  child's  body. 


II. 


TRAUMATIC  CONDITIONS 

CAPUT  SUCCEDANEUM 


This  is  a  lesion  of  the  scalp,  seen  in  newborn  infants,  and  caused 
by  the  mechanical  conditions  attending  labor,  especially  when  pro- 


Caput  succedaneuni.    Mate,  i  houts  old 


longed.  There  is  an  extravasation  of  serum,  or  blood,  into  the  sub- 
cutaneous tissues  of  the  scalp.  A  swelling  is  seen,  sometimes  on  one 
side,  sometimes  on  both  sides  of  the  cranium.    The  tumor  is  soft 
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verted  into  an  abscess  through  infection.  In  case  of  doubt,  the 
diagnosis  can  be  settled  by  aspirating  the  contents  of  the  tumor  with 
a  hypodermic  needle  under  the  strictest  aseptic  precautions. 

Cephalhematoma  disappears  spontaneously,  and  requires  no  treat- 
ment other  than  protection  from  external  injury.  When  infected, 
the  treatment  is  that  of  an  abscess. 

HEMATOMA  OF  THE  STERNO-CLEIDO-MASTOID.MUSCLE 

This  condition  also  is  a  traumatic  birth  injury.  Either  from  the 
violence  of  the  expulsive  efforts  of  the  uterus,  or  from  too  great  vio- 
lence on  the  part  of  the  obstetrician,  the  sterno-cleido-mastoid  muscle 
is  torn  in  such  a  way  that  there  occurs  a  hemorrhage  into  its  sheath. 
Soon  after  birth  it  is  noticed  that  the  infant  holds  its  head  to  one  side, 
and  when  the  cause  of  the  torticollis  is  sought,  one  sterno-cleido- 
mastoid  muscle  is  found  contracted,  and  along  the  tense  muscle  a 
small  tumor  is  felt.  Sometimes,  especially  in  infants  with  fat  necks, 
the  tumor  is  difiBcult  or  impossible  to  feel.  It  is  soft  at  first,  and 
tender  to  the  touch;  later  it  becomes  smaller  and  harder.  Efforts 
to  straighten  the  neck  cause  crying. 

The  tumor  disappears  spontaneously,  but  the  torticollis  is  apt  to 
persist.  It  is  probable  that  most  cases  of  torticollis  in  young  infants 
are  due  to  this  cause. 

No  treatment  should  be  employed  until  after  all  pain  and  tender- 
ness have  disappeared,  when  massage,  and  gentle  manipulations 
designed  to  stretch  the  shortened  muscle  should  be  begun.  If  these 
measures  fail,  the  child  should  be  referred  to  the  orthopedic  surgeon, 
for  treatment  by  apparatus  or  operation. 

INTRACRANIAL  HEMORRHAGE 

ETIOLOGY. — The  commonest  cause  of  the  intracranial  hemor- 
rhage seen  in  newborn  infants  is  trauma,  the  injury  being  due  to  the 
violence  attending  parturition.  Hemorrhage  is  seen  following  both 
operative  and  normal  labor.  Everything  which  increases  or  prolongs 
pressure  upon  the  head  during  labor  may  be  a  predisposing  cause. 
Such  conditions  as  difficult  or  prolonged  labor,  precipitate  labor, 
difficulty  in  extracting  the  head  in  breech  presentations,  and  difficult 
instrumental  deliveries,  may  act  as  causes.  Occasionally  intra- 
cranial hemorrhage  is  seen  as  a  manifestation  of  hemorrhagic  disease 
of  the  newborn.  Rare  cases  may  be  associated  with  syphilis,  or  infec- 
tion of  the  newborn, 

PATHOLOGICAL  ANATOMY.— The  hemorrhages  may  occur 
over  the  cortex  of  the  brain,  or  at  the  base.  They  are  found  most 
frequently  beneath  the  tentorium,  usually  over  the  cerebellum,  or 
the  occipital  lobes  of  the  cerebrum,  but  hemorrhages  over  the  cortex 
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are  not  uncommon,  and  even  hemorrhage  into  the  ventricles  has 
been  reported.  The  extent  of  the  hemorrhage  and  amount  of  extra- 
vasated  blood  are  very  variable.  There  may  be  a  single  large  clot, 
or  diffuse  hemorrhage.  The  lesion  may  be  confined  to  one  hemis- 
phere, or  extend  over  both.  The  extravasation  may  be  beneath  the 
pia  mater,  or  in  the  arachnoid  space  between  the  pia  and  the  dura. 

The  source  of  the  hemorrhage  is  also  variable.  In  a  large  propor- 
tion of  cases,  lacerations  of  the  tentorium  have  been  found.  The 
blood  may  come  from  a  lacerarion  of  one  of  the  sinuses  of  the  dura 
from  overlapping  of  the  bones,  but  more  frequently,  when  there  is 
no  laceration  of  the  tentorium,  the  blood  comes  from  one  of  the  large 
veins  empyting  into  the  sinuses,  or  from  the  rupture  of  a  small  vessel 
in  the  pia. 

SYMPTOMS. — In  intracranial  hemorrhage,  one  would  expect  the 
symptoms  to  be  those  either  of  increased  intracranial  pressure,  or 
of  cortical  irritation.  In  certain  cases  such  symptoms  are  present 
to  such  a  well  marked  degree,  that  the  picture  of  a  cerebral  lesion  is 
very  plain.  Such  cases  are  frequently  asphyxiated  at  birth,  and 
are  only  resuscitated  after  considerable  effort.  They  may  show 
cyanosis,  difficult,  shallow,  or  very  irregular  respiration,  bulging 
fontanelle  or  slow  pulse.  They  may  show  twitching  of  the  extremi- 
ties, or  even  convulsions,  especially  in  cases  which  last  several  days. 
There  may  be  spasm  of  the  extremities,  or  paralysis  of  the  face,  or 
of  one  or  more  of  the  limbs,  and  there  may  even  be  a  general  rigidity 
or  opisthotonus.  In  these  cases  the  deep  reflexes  are  increased, 
the  pupils  may  be  dilated,  or  more  commonly,  contracted,  and  there 
may  be  strabismus  or  nystagmus. 

The  localizing  symptoms  of  cortical  irritation  are  more  frequently 
seen  when  the  hemorrhage  is  situated  over  the  cortex.  When  the 
hemorrhage  is  at  the  base,  the  symptoms  are  those  of  increased  pres- 
sive.  In  these  pronounced  cases,  showing  symptoms  of  this  kind, 
death  may  occur  within  twenty-four  hours,  and  with  very  large 
hemorrhages,  the  children  are  usually  still-born. 

Nevertheless,  pronounced  cases  giving  these  distinct  symptoms 
of  a  cerebral  lesion,  are  comparatively  less  common  than  those  in 
which  the  symptoms  are  much  vaguer,  and  less  suggestive  either  of 
increased  intracranial  pressure,  or  of  cortical  irritation.  In  such 
types  the  diagnosis  is  equally  important,  but  more  difficult. 

The  symptoms  are  frequently  not  seen  at  birth,  but  develop  at 
some  time  during  the  first  four  days  of  life,  usually  at  about  the 
second  day.  The  commonest  and  most  suggestive  symptom  is  re- 
fusal to  nurse.  The  babies  are  pale,  and  show  either  restlessness, 
or  seem  very  dull  and  stupid,  rousing  with  difficulty.  There  is  often 
at  this  time  a  slight  facial  edema,  which,  when  present,  is  a  sign  of 
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great  significance.    The  appearance  of  refusal  to  nurse  in  a   new- 

Ibom  baby  should  always  suggest  the  possibility  of  intracranial 
hemorrhage,  while  pallor  and  facial  edema  greatly  strengthen  suspi- 
cion. Careful  examination  for  cyanosis,  disturbed  breathing,  tense 
fontanelle,  slow  pulse,  or  signs  of  cortical  irritation  will  often  confirm 
the  suspicion,  but  it  must  be  remembered  that  localizing  turvous 

I  symptoms  are  frequently  absent. 

I  DIAGNOSIS. — When  there  are  found  the  symptoms  of  refusal 

to  nurse,  pallor,  and  possibly  facial  edema  in  a  newly  born  baby, 

■  intracranial  hemorrhage  should  always  be  suspected.    When  in  addi- 

tion are  found  signs  either  of  increased  intracranial  pressure,  or  of 

I  cortical  irritation,   the  diagnosis  is   confirmed.     In   the  absence  of 

I  these  confirmatory  signs,  the  condition  should  always  be  suspected. 

In  doubtful  cases,  lumbar  puncture  should  be  performed.     If  the 

!  fluid  obtained  is  bloody,  the  diagnosis  of  intracranial  hemorrhage  is 

verified,  provided  that  the  operator  has  performed  the  puncture 
carefully,  and  is  sure  he  has  not  wounded  a  local  blood-vessel.  If 
the  fluid  is  clear,  intracranial  hemorrhage  is  not  excluded,  as  only  in 
cases  where  the  hemorrhage  is  below  the  tentorium,  will  the  fluid 
be  blood  stained.  In  a  case  which  remains  doubtful  after  a  negative 
lumbar  puncture,  confirmation  of  the  diagnosis  may  be  obtained 
by  aspiration  of  the  subdural  space,  as  advocated  by  Henschen.  The 
technic  is  simple.  The  aspiration  is  made  through  a  fontanelle  or 
suture,  care  being  taken  not  to  wound  the  dural  sinuses.  The  most 
favorable  point  is  at  the  lateral  angle  of  the  anterior  fontanelle.  The 
needle  is  entered  in  a  direction  almost  parallel  with  the  surface  of 
the  skull,  and  if  blood  is  not  immediately  obtained,  may  be  carefully 
swept  in  various  directions.  The  middle  line  must  not  be  crossed 
on  account  of  the  falx.  If  blood  is  found,  as  much  may  be  removed 
as  will  flow  through  the  needle. 

PROGNOSIS. — The  prognosis  is  always  serious.  Hemorrhages 
below  the  tentorium  are  probably  always  fatal,  as  are  large  hemor- 
rhages in  any  situation.  Death  may  not  occur  for  four  or  five  days. 
When  the  hemorrhage  is  situated  over  the  convexity  of  the  brain, 
and  is  not  too  large,  the  child  may  survive.  In  such  cases  there  is 
always  serious  damage  to  the  brain,  which  usually  manifests  itself 
later  as  a  cerebral  paralysis.  The  full  extent  of  the  damage  may  not 
become  apparent  for  a  number  of  years. 

It  follows  that  in  cases  in  which  the  signs  of  cortical  irritation  are 
not  marked,  but  in  which  the  signs  are  those  of  intracranial  pressure, 
a  fatal  ending  is  most  certain. 

TREATMENT.— Prophylaxis  is  the  most  important  measure 
available  in  connection  with  so  serious  a  condition  as  intracranial 
hemorrhage.    This   is   mainly   a  matter   for    the  obstetrician.     It 
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must  be  remembered  also  that  slight  and  unavoidable  degrees  of 
trauma  may  be  followed  by  hemorrhage.  The  indications  are  to- 
shorten  prolonged  and  tedious  labor,  to  avoid  compressing  the  head 
too  violently  with  the  hand  through  the  perineum,  and  to  avoid 
difficult  high  forceps  operations  whenever  possible. 

Aspiration  of  the  clot  through  the  fontanelle  or  suture  will  some- 
times give  relief  of  symptoms.  If,  when  this  procedure  is  under- 
taken for  diagnosis,  a  considerable  amount  of  blood  can  be  withdrawn, 
it  may  be  wise  to  wait  before  trying  anything  further.  If  little  or 
no  blood  is  obtained,  the  only  treatment  is  by  operation. 

The  operative  treatment  of  intracranial  hemorrhage  of  the  new- 
bom  consists  of  craniotomy  and  washing  out  of  the  clot.  The  opera- 
tive risk  is  necessarily  great,  but  a  certain  number  of  cases  have 
recovered.  Out  of  seventeen  cases  thus  treated  prior  to  1914,  seven 
recovered. 

OBSTETRICAL  PARALYSIS 

ETIOLOGY. — Paralysis  in  new-born  babies  is  due  to  trauma 
received  during  parturition.  It  may  be  one  of  the  symptoms  of 
intracranial  hemorrhage,  as  already  described.  The  form  known 
as  obstetrical  paralysis,  or  birth  palsy,  is  caused  by  an  injury  to  the 
peripheral  nerves.  Two  types  of  paralysis  are  seen,  one  involving 
the  muscles  of  the  face,  the  other  involving  the  muscles  of  the  shoulder 
and  upper  arm.  In  the  facial  type,  the  injury  is  usually  due  to  the 
use  of  forceps,  which  press  upon  the  facial  nerve,  either  near  the 
point  of  exit  from  the  stylo-raastoid  foramen,  or  where  it  crosses 
the  ramus  of  the  jaw.  While  pressure  from  forceps  is  the  usual  cause, 
some  cases  have  been  seen  in  which  the  forceps  were  not  used.  In 
these  cases,  it  is  believed  that  the  injury  is  received  from  pressure 
following  long  arrest  of  the  head  at  some  point  in  its  passage  through 
the  pelvis. 

In  the  upper  arm  type,  the  injury  received  during  labor  may  be 
caused  in  a  variety  of  ways.  It  is  seen  more  commonly  after  artificial 
labor,  but  may  occur  when  labor  has  terminated  naturally.  In 
vertex  presentations,  it  may  be  caused  by  pressure  from  a  forcep's 
blade  which  extends  down  to  the  neck,  by  traction  upon  the  head 
while  it  is  in  a  rotated  position,  or  by  traction  with  the  obstetrician's 
finger  in  the  axilla.  The  injury  is  much  more  frequent  in  breech 
presentations,  in  which  it  may  be  produced  by  traction  upon  the 
shoulder  in  delivering  the  head,  or  by  puUing  or  twisting  the  arm, 
especially  in  bringing  down  the  arms  when  they  are  above  the  head. 

PATHOLOGICAL  ANATOMY.— In  facial  birth  palsy  the  injury 
is  usually  comparatively  slight,  and  consists  of  exudation  produced 
within  the  sheath  of  the  nerve  bundle  by  pressure.  In  the  upper 
arm  type,  often  known  as  Erb's  Paralysis,   the  injury  affects  the 
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the  movements  which  remain  most  persistently  poor.  With  treatment 
begun  at  the  proper  time,  recovery  usually  occurs  after  a  time  vary- 
ing from  a  few  months  to  one  or  two  years. 

In  the  majority  of  untreated  cases,  and  in  a  few  of  the  severer 
cases  even  under  proper  treatment,  the  paralysis  persists,  to  a  vary- 
ing degree.    Atrophy  of  the  muscles  becomes  noticeable,  especially 

FiC.  S7 
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in  the  deltoid,  the  shoulder  droops,  and  there  is  a  lack  of  development 
of  the  bones  of  the  shoulder  girdle  as  a  result  of  disuse.  The  arm 
appears  shrunken,  and  shorter  than  on  the  sound  side.  Contractions 
in  the  muscles  of  the  forearm  and  hand  may  eventually  develop. 
Finally,  in  the  worst  cases,  fortunately  rare,  there  is  loss  of  response 
to  either  the  galvanic  or  faradic  current,  and  the  arm  remains  com- 
paratively useless. 

It  is  a  noticeable  feature  in  this  type  of  paralysis,  that  even  in  severe 
cases,  atrophy  takes  place  comparatively  slowly.    In  comparison 


in.    NON-TRAUMATIC  MECHANICAL 
DISTURBANCES 

This  group  represents  certain  lesions  of  a  mechanical  nature,  of 
which  the  anatomy  and  mechanism  is  understood,  but  of  which  the 
ultimate  etiology  is  unknown.  The  most  common  conditions  of 
this  group  are  the  various  forms  of  hernia  seen  in  newborn  babies. 
Both  inguinal  and  femoral  hernia  are  sometimes  seen  at  birth,  but 
are  not  strictly  to  be  classed  as  diseases  of  the  newborn.  There  are 
other  mechanical  conditions  which,  while  they  may  be  seen  at  birth, 
occur  more  frequently  at  a  later  age;  examples  of  such  conditions 
are  volvulus  and  intussusception. 

UMBILICAL  HERNIA 

This  is  the  only  common  mechanical  condition  strictly  to  be  classi- 
fied among  the  diseases  of  the  newborn,  and  even  this  often  does  not 
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appear  for  a  considerable  time  after  birth,  its  development  bemg 
favored  by  poor  nutrition.  When  it  appears  shortly  after  birth, 
it  is  most  frequently  seen  in  premature,  or  congenitally  weak  infants. 
There  is  a  soft  tumor  at  the  umbilicus,  caused  by  a  protrusion  of 
a  small  part  of  the  abdominal  contents  through  the  umbilical  ring, 
which  is  found  dilated.  The  tumor  varies  much  in  size,  the  usual 
hernia  being  about  half  an  inch  in  diameter,  but  occasionally  it  may 
be  very  large.  It  rarely  becomes  strangulated,  and  is  usually  not 
serious. 


Umbiucal  Hernia  J95 

TREATMENT.— In  the  first  two  or  three  months,  after  the  cord 
has  separated,  a  firm  pad  should  be  placed  over  the  navel,  kept  in 
place  by  a  rather  snug  abdominal  band.  In  cases  coming  under 
observation  at  a  later  period,  the  pad  and  band  are  not  enough,  and 
adhesive  plaster  should  be  used.  A  coin  or  button  covered  with  kid 
may  be  placed  over  the  umbilicus,  and  kept  in  place  by  strips  of 
adhesive  plaster.  I  prefer  the  procedure  which  we  use  at  the  Infants' 
Hospital,  to  the  use  of  a  coin  or  button.  After  the  parts  are  well 
powdered,  and  the  hernia  is  reduced,  the  skin  of  the  abdomen  on  each 
side  is  picked  up  between  the  finger  and  thumb  of  each  hand,  in  such 
a  manner  as  to  make  two  vertical  folds.  These  folds  are  then  brought 
over  to  the  middle  line,  so  that  they  touch  one  another  over  the  center 
of  the  navel.    They  may  then  be  held  in  place  by  the  finger  and 

Fio.  so 


Adhe^ve  strap  for  umbilical  benua 

thumb  of  one  hand,  while  the  other  hand  applies  snugly  a  broad 
strip  of  adhesive  plaster.  This  holds  the  two  folds  of  skin  together 
over  the  navel  in  such  a  way  that  they  form  the  pad  which  retains 
the  hernia.  This  plaster  may  be  changed  every  few  days,  and  must 
be  worn  for  months. 

Very  lai^e  herniae,  or  persistent  herniae  can  only  be  cured  by 
surgical  operation.    Operation,  however,  is  seldom  necessary. 
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There  is  a  rare  condition  of  hernia  into  the  umbilical  cord,  which 
is  entirely  different  from  the  commoner  umbilical  hernia.  This  is 
a  malformation,  due  to  some  fetal  defect.  It  varies  in  size  from  a 
comparatively  small  tumor  to  complete  eventration  in  which  most 
of  the  abdominal  organs  are  in  the  sack  and  outside  the  body.  Such 
severe  cases,  with  complete  eventration,  are  fatal.  Milder  cases, 
even  though  the  tumor  is  quite  large  and  contains  a  number  of  omIs 
of  intestine,  may  be  cured  by  surgical  treatment. 

PROLAPSE  OF  MECKEL'S  DIVERTICULUM 

This  is  a  condition  which  produces  a  tumor  at  the  umbilicus  in 
newborn  babies,  and  with  it  there  is  usually  an  umbilical  fistula. 
The  tumor  is  formed  by  a  prolapse  of  the  mucous  membrane  of 
Meckel's  Diverticulum.  Normally  the  omphalo-mesenteric  duct 
closes  completely  during  fetal  life.  The  duct  may  however  remain 
patent  to  a  varying  extent,  the  most  common  finding  in  such  cases 
being  a  blind  pouch  a  few  inches  in  length  given  off  from  the  lower 
part  of  the  ileum.  In  rare  cases  it  may  be  patent  at  birth  throughout 
its  entire  extent,  and  a  prolapse  of  its  mucous  membrane  produces 
a  tumor  at  the  umbilicus  with  a  fistula  at  its  summit. 

These  tumors  are  usually  small,  not  larger  than  a  common  marble, 
but  may  be  much  larger.  They  are  smooth,  of  a  pink  color,  and 
cannot  be  reduced.  A  mucous  discharge  oozes  from  their  surface, 
and  a  slight  fecal  discharge  comes  from  the  fistula.  Tumors  are 
sometimes  seen  without  a  fecal  fistula,  but  microscopic  examination 
shows  that  their  covering  is  the  same  as  in  cases  with  a  fistula,  the 
structure  being  that  of  the  intestinal  mucosa.  In  other  cases,  the 
fecal  fistula  may  exist  without  a  tumor.  These  fistulae  may  exist 
for  months  or  years,  may  close  spontaneously,  or  be  closed  by  opera- 
tion. The  small  tumors  most  often  seen  are  easily  cured  by  ligation. 
The  rare  large  tumors  are  usually  associated  with  serious  malforma- 
tion of  the  intestines. 


V.    FUNCTIONAL  DISTURBANCES 

CONGENITAL  PULMONARY  ATELECTASIS 

This  condition  is  one  in  which  the  whole  or  parts  of  the  lung  re- 
main in  a  fetal  condition,  air  not  entering  the  alveoli. 

ETIOLOGY. — It  is  usually  stated  in  textbooks  that  atelectasis  is 
closely  associated  with  Asphyxia  Neonatorum,  this  statement  being 
based  on  the  fact  that  infants  born  dead,  or  dying  as  the  result  of 
asphyxia  show  a  complete  or  partial  condition  of  atelectasis  post- 
mortem, and  that  most  cases  in  which  infants  die  in  the  first  few  days 
of  life,  and  in  whom  the  lesions  of  atelectasis  are  found  post-mortem, 
have  shown  symptoms  of  asphyxia  at  birth.  I  believe,  however,  that 
the  connection  between  asphyxia  and  atelectasis  is  not  so  close  as 
is  generally  supposed.  It  is  a  well-known  fact  that  the  expansion 
of  the  lung  is  not  normally  completed  immediately  after  birth,  but 
is  a  gradual  process,  occupying  a  number  of  days  before  complete 
expansion  of  the  lung  is  attained.  It  follows  that  a  certain  amount 
of  atelectasis  would  always  be  found  post-mortem  in  infants  dying 
in  the  first  few  days  of  life,  whether  they  die  from  asphyxia,  or  from 
any  other  cause.  Further,  most  of  the  conclusions  upon  the  cause 
of  atelectasis  are  based  on  post-mortem  examinations  of  infants  dying 
in  the  first  few  days  of  life,  and  in  these  cases  asphyxia  may  well  have 
been  the  cause  of  death,  or  it  may  have  been  a  symptom  of  a  feeble 
vitality  which  was  the  cause  of  death.  In  my  experience,  infants 
who  survive  the  early  days,  and  later  show  the  lesions  or  signs  of 
atelectasis,  do  not  give  a  history  of  asphyxia  at  birth. 

Atelectasis  becomes  a  pathological  condition  when  it  persists 
beyond  the  early  days  of  life.  The  cause  is  congenital  weakness  of 
any  kind,  such  as  is  seen  in  premature  infants,  in  congenitally  weak 
or  malnourished  infants,  and  in  infants  suffering  from  congenital 
syphilis  or  cerebral  hemorrhage.  Anything  which  impairs  the  vital- 
ity of  the  newborn  infant,  causes  weakened  respiratory  efforts,  and 
asphyxia  undoubtedly  may  be  numbered  among  the  causes  of  such 
weakness.  In  addition  to  weakened  respiratory  efforts,  in  feeble 
infants  there  is  weakened  heart  action,  leading  to  pulmonary  con- 
gestion or  edyna,  and  the  two  together  form  a  vicious  circle  of 
which  atelectasis  is  the  result. 

Asphyxia  is  usually  due  to  some  intrauterine  condition  interfering 
with  the  placental  circulation,  such  as  prolonged  labor,  the  use  of 
ergot  in  the  second  stage,  pressure  on  the  cord,  winding  of  the  cord 
about  the  neck,  or  early  separation  of  the  placenta.    It  is  a  condition 
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.he  pedktrist,  its  diagnosis  and  treatment  falling  more 
obstetrician,  and  it  is  so  adequately  described  in  text- 
tries,  that  it  will  not  be  described  here. 
ilCAL  ANATOMY. — In  infants  who  are  bom  dead 
,  atelectasis  is  complete,  the  lung  showing  a  fetal 
;re  are  no  alveoli,  the  tissue  consisting  of  closely  packed 
>  and  blood-vessels,  and  is  recognizable  as  lung  tissue 
bronchioles  with  their  characteristic  epithelium.  In 
:athe  at  birth,  but  who  die  from  asphyxia  or  congenital 
ly  time  in  the  first  few  days  of  Ufe,  tjie  amount  of  un- 

Fk.  6i 


ingenitai  atelecta^  of  the  left  lung.    Hypertrophy  of  the  heart 

is  very  variable,  varying  to  a  certain  extent  with  the 
the  child  survives.  At  the  borders  of  completely  col- 
e  areas  where  some  air-containing  alveoli  are  seen,  there 
il  transition  to  the  areas  where  the  lung  is  completely 
n  in  the  most  collapsed  areas  are  found  some  air  spaces. 

to  the  fetal  condition,  there  is  frequently  edenTa 
landed  alveoli  of  the  atelectatic  areas.  The  blood- 
igested. 


chest.    This  patient  was  very  delicate  during  infancy  and  early  child- 
hood, but  is  now  strong  and  healthy,  though  very  much  undersized. 
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S. — Any  child  who  dies  in  the  first  days  of  life  will 
:electasis  post-mortem.  In  children  who  survive  the 
'.  diagnosis  is  difficult.    If  asphyxia  has  been  present 

if  the  children  show  impaired  vitality  with  notable 
f  the  respiration,  atelectasis  may  be  suspected.  It 
;nosed  with  certainty  except  in  those  rare  cases  which 
ilities  to  auscultation  and  percussion.  In  a  certain 
ies  not  showing  physical  signs,  the  condition  will  be 
icntgen  ray  examination. 

[S.^SIight  degrees  of  pulmonary  atelectasis  are  prob- 
)le  with  normal  development.  Such  cases,  however, 
cognized.  In  the  majority  of  cases  the  children  are 
id  in  babies  born  with  such  low  vitality,  the  mortality 

A  certain  number  die  in  the  first  days  of  life;  others 
or  several  weeks.    A  few  cases,  even  those  in  which 

been  clearly  recognized,  survive  the  early  weeks.    They 

small,  and  delicate,  and  are  difhcult  to  rear.  A  few 
ven  these  show  backward  growth  and  development. 
NT. — At  birth,  the  physician  should  make  sure  that 

strongly,  and  should  see  to  it  that  this  cry  is  repeated 
he  various  means  of  resuscitation  employed  in  asphyxia 

adequately  described  in  works  on  obstetrics.  Feeble 
m  atelectasis  is  suspected,  should  have  the  treatment 
3ntinued.     During  each  twenty-four  hours,  they  should 

their  cribs  a  number  of  times,  and  thoroughly  aroused, 
made  to  take  a  number  of  deep  inspirations.  This  may 
out  in  various  ways.  In  the  milder  cases  shaking  or 
pplying  cool  water  to  the  face  and  chest,  will  suffice. 
s  they  should  be  dipped  alternately  into  warm  and  cold 
)ne  in  asphyxia. 

the  treatment  is  that  applicable  to  any  premature,  or 
eeble  baby.    They  must  be  kept  warm,  often  with 

in  the  form  of  hot  water  bottles.  Sometimes  their 
ill  remain  subnormal  unless  the  "premature  Jacket"  is 
bed  for  premature  infants.  They  are  often  too  feeble 
reast,  yet  breast  milk  is  almost  an  absolute  essential  to 
itrition.  In  such  cases  the  breast  milk  must  be  drawn 
5ump,  and  given  to  the  baby  with  a  medicine  dropper, 

with  a  Breck  feeder. 

iRRHAGIC  DISEASE  OF  THE  NEWBORN 

in  the  first  few  days  of  life  is  seen  in  connection  with 
y  of  recognizable  causes.  The  trauma  of  birth  not 
roduces  a  lesion  of  the  blood  vessels,  but  in  hemor- 
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rhages  of  simple  traumatic  origin,  there  is  no  tendency  for  the  bleeding 
to  be  either  unduly  prolonged,  or  uncontrollable,  and  the  purely 
traumatic  origin  of  the  hemorrhage  is  usually  plainly  apparent.  The 
recognized  infections  of  the  newborn  are  frequently  attended  with 
hemorrhage.  In  these  cases  also,  the  symptomatic  nature  of  the 
hemorrhage  is  usually  apparent,  and  the  clinical  picture  is  comparable 
with  that  sometimes  seen  in  cases  of  infection  in  later  life,  with  a 
tendency  to  hemorrhage,  such  as  occurs  at  times  in  measles,  smallpox, 
and  malignant  endocarditis.  There  remains  a  class  of  cases  in  which 
the  hemorrhages  are  not  associated  with  any  other  recognizable  pro- 
cess, and  in  which  the  bleeding  does  tend  to  be  both  unduly  prolonged, 
and  uncontrollable.  A  very  few  cases  of  this  character  represent 
manifestations  shortly  after  birth  of  that  particular  congenital  and 
hereditary  hemorrhagic  disease  known  as  hemophilia.  Hemophilia, 
however,  is  a  disease  which  persists  throughout  the  life  of  the  patient, 
and  the  appearance  of  hemorrhage  soon  after  birth  is  not  a  char- 
acteristic manifestation  of  the  disease,  but  only  accidental,  occurring 
in  comparatively  few  cases.  In  these  cases,  if  there  is  traumatic 
injury  sufficient  to  produce  hemorrhage,  the  hemorrhage  attracts 
attention  by  its  persistent  and  uncontrollable  character.  Most  cases 
of  hemophilia  do  not  manifest  themselves  at  birth. 

Finally,  we  have  a  class  of  cases  in  which  prolonged  and  uncon- 
trollable hemorrhages  occur  in  newborn  babies,  and  in  which  the 
disease  is  self-limited,  the  tendency  toward  hemorrhage  ceasing 
permanently  when  recovery  occurs.  These  cases,  in  the  present 
state  of  our  knowledge,  are  grouped  under  the  term  Hemorrhagic 
Disease  of  the  Newborn. 

ETIOLOGY. — The  etiology  of  hemorrhagic  disease  of  the  new- 
born is  one  of  the  obscure  problems  of  medicine.  There  are  two 
principal  possibilities  as  to  the  cause  of  these  hemorrhages.  The 
first  is  that  the  bleeding  is  due  to  some  peculiarity  in  the  tissues  of 
the  newborn  infant.  The  second  is  that  it  is  a  manifestation  of  some 
obscure  infection.  Under  the  first  possibility  the  tissue  peculiarity 
cannot  be  a  permanent  defect,  because  hemorrhagic  disease  of  the 
newborn  is  self-limited,  and  is  thus  distinguished  from  hemophilia, 
in  which  the  probable  cause  is  a  permanent  tissue  defect.  The  defect 
in  hemorrhagic  disease  of  the  newborn,  if  such  a  defect  exists,  must 
be  developmental  in  origin,  a  condition  incidental  to  the  relative 
physiological  incompleteness  of  the  newborn  baby.  Such  a  defective, 
incomplete  condition  of  the  tissues  might  involve  either  the  blood 
itself,  or  the  walls  of  the  vessels. 

Under  the  other  possibility,  in  which  the  hemorrhage  is  attributed 
to  some  obscure  infection,  the  immediate  cause  of  continued  bleeding 
is  also  to  be  sought  in  some  defect  either  of  the  blood  itself,  or  of  the 
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vessel  walls.  The  only  difference  is  that  under  this  theory,  the  cause 
of  the  defect  is  not  developmental  incompleteness,  but  infection  work- 
ing upon  the  tissues  through  toxins. 

The  disease  is  not  a  very  common  one.  The  majority  of  reports 
show  a  percentage  incidence  of  under  2%.  Townsend's  report  from 
the  Boston  Lying-in  Hospital  showed  32  cases  out  of  5,225  births,  or 
■57%-  Green  and  Swift,  in  a  more  recent  series  from  the  same  hos- 
pital, report  51  cases  out  of  4,455  births,  or  1.14%.  In  Prague,  Ritter 
observed  190  cases  out  of  13,000  births,  or  1.46%.  The  highest  record 
I  have  seen  is  8%  out  of  740  births.  The  disease  is  more  frequent 
in  institutions  than  in  private  practice.  In  Green  and  Swift's  series, 
there  was  a  notable  seasonal  incidence,  the  disease  being  more  frequent 
in  the  six  months  from  November  to  April  inclusive.  Males  are  only 
very  sUghtly  more  frequently  affected  than  females.  Syphilis  is  asso- 
ciated with  hemorrhagic  disease  in  only  a  small  proportion  of  cases. 

PATHOLOGICAL  ANATOMY.— There  is  no  constancy  in  the 
lesions  found  post-mortem  in  hemorrhagic  disease  of  the  newborn. 
In  the  majority  of  autopsies  nothing  is  found  except  the  hemorrhages 
in  the  various  situations,  and  the  consequent  anaemia  of  the  organs. 
The  stomach  and  intestines  frequently  contain  considerable  blood, 
but  usually  show  no  lesions,  except  areas  of  congestion  or  ecchymosis 
on  the  mucous  membrane.  A  few  cases  have  been  reported  in  which 
ulcers  have  been  found  on  the  gastric  or  intestinal  mucosa.  The 
proportion  of  these  cases  is  small,  and  the  cause  of  the  ulcers  obscure. 
The  changes  found  in  the  blood  have  not  been  uniform,  and  have 
I  not  been  thoroughly  studied. 

SYMPTOMS. — The  hemorrhage  begins  usually  in  the  first  week 
of  life,  and  very  rarely  occurs  after  the  twelfth  day.  The  majority 
of  the  infants  are  two  or  three  days  old. 

The  hemorrhages  are  usually  multiple.  They  occur  from  a  great 
variety  of  situations,  including  the  intestine,  stomach,  mouth,  nose, 
umbilicus,  skin,  genito-urinary  tract,  eyes,  meninges.  In  Green  and 
Swift's  series,  the  cases  arranged  themselves  in  three  distinct  clinical 
groups.  The  largest  group  is  the  sero-mucous,  in  which  the  bleeding 
comes  from  the  mucous  or  serous  membranes.  In  the  second  largest 
group  the  principal  bleeding  is  from  the  umbilicus.  The  smallest 
group  is  characterized  principally  by  the  formation  of  subcutaneous 
purpuric  patches  or  ecchymoses. 

Table  17 
Claisi/icalion  of  Great  and  Swift's  Series 

Clinical  Type  Cases  Recoveries  Deaths 

Sera-Mucous j?  (3  14 

Umbilical 15  6  <) 

Purpuric 9  7  2 
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Usually  nothing  abnormal  is  noted  until  the  hemorrhage  begins. 
In  the  sero-mucous  group,  the  most  frequent  symptom  is  hemorrhage 
from  the  bowel.  The  blood  is  always  dark  colored,  and  usually  thor- 
oughly mixed  with  the  feces.  Clots  are  comparatively  rare.  In 
cases  where  there  is  also  hemorrhage  from  the  stomach,  blood  is  vom- 
ited, usually  not  in  great  abundance.  The  blood  vomited  is  usually 
dark,  brown,  rarely  bright  red.  In  other  cases  there  may  be  bleeding 
from  the  mouth,  nose,  or  conjunctiva.  When  there  is  hematuria, 
the  urine  is  blood-stained,  and  sometimes  contains  clots.  Occasionally 
bleeding  from  the  female  genitals  is  severe. 

The  bleeding  from  the  imibilicus  is  apt  to  occur  somewhat  later 
than  the  sero-mucous  bleeding.  It  usually  betrays  itself  first  by  a 
slight  stain  on  the  dressing,  though  occasionally  it  begins  more  pro- 
fusely.  Hemorrhage  into  the  skin  is  most  apt  to  appear  in  places 
exposed  to  pressure,  but  many  occur  anywhere. 

The  amount  of  the  hemorrhage  is  very  variable.  Sometimes  there 
is  only  a  continuous  oozing;  at  other  times  larger  amounts  of  blood 
are  lost.  There  is  prostration,  which  is  often  marked  from  the  begin- 
ning, and  there  is  rapid  loss  of  weight.  The  temperature  may  be 
elevated,  or  may  be  normal  or  subnormal.  There  is  frequently 
diarrhea. 

The  hemorrhages  continue  until  death  or  until  recovery  occurs.  In 
the  mild,  favorable  cases  which  recover,  the  duration  is  usually  not 
more  than  one  or  two  days.  In  fatal  cases,  death  usually  occurs  in 
three  days.  Death  may  result  either  from  the  rapid  loss  of  blood,  or 
more  frequently,  from  failure  of  vitality, 

DIAGNOSIS. — It  is  sometimes  necessary  to  make  sure  that  the 
dark  masses  passed  from  the  bowel  are  blood  and  not  meconium.  In 
such  a  case  one  should  first  examine  the  discharges  microscopically 
for  blood  corpuscles,  and  if  they  are  not  conclusively  found  on  account 
of  their  disorganization,  a  chemical  test  for  hemoglobin  should  be 
made. 

Accidental,  or  traumatic  hemorrhages  are  usually  easily  recog- 
nized, and  are  not  persistent.  When  it  is  established  that  a  hemor- 
rhagic condition  is  actually  present,  the  causes  to  be  excluded  are  hemo- 
philia, and  symptomatic  hemorrhage  in  infectious  disease  of  the  new- 
bom.  Hemophilia  is  a  rare  manifestation  at  birth;  males  are  affected 
oftener  than  females  in  the  proportion  of  thirteen  to  one;  there  is 
usually  a  history  of  heredity,  particularly  in  the  maternal  grand- 
father; finally  the  hemorrhage  is  usually  from  one  situation  only. 

In  infectious  disease  of  the  newborn,  there  is  usually  a  persistent 
fever,  and  some  signs  of  infection  on  physical  examination,  such  signs 
being  most  frequently  found  at  the  umbilicus. 

In  a  few  cases  the  hemorrhage  is  into  some  internal  organ,  and 
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and  from  lo  to  30  c.c.  may  be  given  every  four  to  eight  hours,  accord- 
ing to  the  course  of  the  case. 

If  the  patient,  when  seen  first,  is  already  so  greatly  prostrated  or 
exsanguinated  as  to  appear  in  a  serious  condition,  or  if  the  injections 
of  whole  human  blood,  or  human  serum  are  not  followed  by  recog- 
nizable improvement,  the  safest  treatment  is  by  transfusion.  Under 
these  circumstances,  whenever  a  surgeon  is  available  who  is  familiar 
with  the  more  formidable  technic  of  this  operation,  direct  transfusion 
should  be  performed. 


n  pirattm  treated  tube,  cora- 

Transfusion  is  usually  followed  by  immediate  and  permanent 
cessation  of  the  hemorrhages.  Whenever  the  hemorrhages  once  cease, 
they  are  not  likely  to  recur.  It  should  be  remembered  that  cases  in 
which  hemorrhage  is  due  to  bacterial  infection,  to  syphilis,  or  to 
ulcers  of  the  stomach  and  intestine,  are  not  so  favorable  for  treat- 
ment with  human  blood.  This  may  explain  the  failure  of  treatment 
in  certain  cases. 
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Md  in  paraffin  treated  tube  from  the  donor  in  tmiafusioD 
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iminution  or  absence  of  any  one  of  them  will 
it,  or  a  delayed,  or  absent  clot.  If  the  caldiim 
r  absent,  it  has  been  found  that  the  coagulation 
there  is  no  clot.  If  the  prothrombin  is  absent, 
ulation  time  will  be  normal,  but  the  clot  will  be 
rm.  If  the  kinase,  or  &brinogen,  are  dimished 
Ltion  time  will  be  delayed,  with  inferior  clot,  or 
1  fluid. 

estigation  now  in  use,  are  the  following:  Meas- 
ilation  time;  studies  on  the  firmness  of  the  clot; 
<f  adding  calcium  salts;  studying  the  effect  of 
ormal  human  blood;  studying  the  effect  of  the 
rmal  blood;  artificial  extraction  of  thrombin  in 

;  investigations  have  not  been  uniform,  and  do 
;  diminution  or  absence  of  any  one  particular 
morrhagic  disease  of  the  newborn.  The  most 
are  those  of  Schloss  and  Commiskey,  and  of 
>urg.    In  some  cases  the  coagulation  time  has 

delayed,  and  there  is  evidence  of  an  inferior 

be  explained  on  a  basis  of  deficiency  of  ffbrino- 
leficiency  of  thrombokinase.  Other  cases  have 
Bjulation  times  which  are  only  slightly  delayed 
,ses  with  normal  coagulation  time,  but  in  which 
is  followed  by  excessive  bleeding,  it  is  possible 
:s  in  the  prothrombin.  In  three  of  Schloss  and 
owever,  the  coagulation  was  normal,  and  there 
punctures  of  the  skin,  hemorrhage  being  quickly 
veil  contracted  clot.     The  writers  attribute  the 

cases  to  some  localized  vascular  lesion,  and 
ly  possibly  be  a  local  absence  or  interference 
rombokinase,  which  is  normally  liberated  upon 
all.  There  is  no  well  supported  evidence  that 
ialts  plays  any  part  in  this  hemorrhagic  disease, 
whether  the  tissue  defect,  whether  it  He  in  the 
)f  the  vessels,  is  due  to  incomplete  development 
susceptible  of  experimental  investigation.  The 
the  developmental  theory,  is  that  the  tendency 
1  only  in  the  early  days  of  life,  and  does  not 
wever,  a  certain  tendency  to  obscure  infection 
;n  in  the  newborn.     Those  who  believe  in  the 

point  to  the  absence  in  most  cases  of  clin- 
lacteriologic  signs  of  infection. 

is  an  increasing  tendency  to  attribute  this 
ction.    It  is  known  that  hemorrhage  is  a  com- 
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experiment  has  shown  that  horse  serum  is  less  potent  than  rabbit 
serum,  but  that  rabbit  serum  is  less  potent  than  human  serum. 

ICTERUS  NEONATORUM 

Jaundice  is  a  symptom  seen  with  great  frequency  in  newborn 
infants.  In  the  majority  of  cases  the  jaundice  is  of  so  slight  a  grade, 
and  is  characterized  by  so  entire  an  absence  of  pathological  symp- 
toms, that  it  is  usually  looked  upon  as  representing  a  physiological 
process  which  is  normal  in  the  early  days  of  life.  This  type  of  jaun- 
dice is  called  Icterus  Neonatorum, 

There  are,  however,  a  number  of  other  conditions,  of  true  patho- 
logical nature,  which  are  characterized  by  the  appearance  of  jaun- 
dice in  newborn  babies.  These  more  serious  conditions,  though  rare, 
must  be  carefully  distinguished  from  the  common  icterus  neonatorum. 
In  the  first  place,  jaundice  is  a  not  infrequent  symptom  of  injection 
in  newborn  babies;  it  is  also  sometimes,  though  rarely,  a  symptom 
of  congenital  syphilis.  It  is  the  chief  symptom  of  a  congenital  cirrhosis 
of  the  liver,  which  has  been  foimd  at  autopsy,  and  of  congenital  oblitera- 
tion of  the  bile  ducts.  This  last  condition  may  represent  a  congenitnl 
malformation,  or  may  represent  a  late  stage  of  congenital  cirrhosis. 
Catarrhai  jaundice,  an  obstructive  form,  in  which  the  cause  is  swelling 
of  the  mucosa  of  the  bile  ducts,  is  very  rare  in  newborn  babies,  but 
is  still  a  possibility.  Finally,  certain  cases  of  jaundice  have  been 
observed  in  newborn  babies,  in  which  all  the  above  causes  were 
absent,  and  in  which  no  cause  was  found. 

Icterus  neonatorum  is  by  far  the  commonest  condition  producing 
jaundice  in  the  first  days  of  life.  It  has  been  variously  reported  to 
exist  in  from  40  to  So  per  cent,  of  all  newborn  infants. 

ETIOLOGY. — ^ITie  etiology  of  icterus  neonatorum  remains  ob- 
scure, in  spite  of  the  fact  that  it  has  been  the  subject  of  much  inge- 
nious speculation.  The  most  satisfactory  explanation  is  that  of 
Abramow,  who  considers  the  jaundice  due  to  an  anomaly  of  secre- 
tion of  the  liver  cells.  Shortly  after  birth,  as  the  result  of  the  rich 
supply  of  blood  to  the  liver,  the  hepatic  cells  produce  bile  more 
rapidly  than  it  can  escape.  The  bile  capillaries  at  birth  are  over- 
filled with  a  thick  and  tenacious  bile,  which  obstructs  its  own  flow 
as  it  is  fonned  so  rapidly.  The  bile,  consequently,  passes  into  the 
blood  capillaries,  and  thence  into  the  general  circulation.  This  ex- 
planation is  in  accordance  with  the  theory  that  icterus  neonatorum  is 
a  physiological  and  not  a  pathological  process. 

SYMPTOMS. — The  jaundice  is  not  present  at  birth,  but  develops 
usually  on  the  second  or  third  day.  It  is  first  noticed  on  the  face  and 
chest,  then  in  the  conjunctivae,  then  on  the  extremities.    It  increases 
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in  severity  for  three  or  four  days,  then  rather  rapidly  disappears. 
In  rare  cases  it  may  last  longer.  The  color  is  usually  a  pale  yellow, 
but  at  times  is  more  intense.  The  fecal  discharges  are  not  light  col- 
ored, and  contain  bile  pigment.  The  urine  in  most  cases  is  normal, 
not  showing  bile  pigment,  though  sometimes  the  presence  of  bUe 
pigment  can  be  demonstrated  by  special  tests.  There  is  no  en- 
largement of  the  liver  or  spleen,  and  no  rise  of  temperature.  The 
general  condition  is  not  affected;  there  are  no  symptoms  of  indiges- 
tion, and  icteric  babies  show  no  tendency  to  gain  weight  less  rapidly. 

DIAGNOSIS. — The  recognition  of  the  condition  is  very  easy. 
The  absence  of  all  other  signs  of  disease,  together  with  the  normal 
stools,  serve  to  differentiate  icterus  neonatonun  from  the  other 
conditions  in  which  jaundice  is  seen  in  the  newborn. 

PROGNOSIS.    The  prognosis  is  good. 

TREATMENT.— None  is  required. 

PROBLEMS  AND  RESEARCH.— A  number  of  theories  as  to 
the  cause  of  icterus  neonatorum  have  been  advanced,  and  disproved, 
although  references  to  them  are  still  to  be  met  with  in  medical  litera- 
ture. Among  these  disproven  theories  are  the  following: — Frank's 
theory  that  the  cause  of  jaundice  is  plugging  of  the  common  bile 
duct  with  mucous  and  cast-off  epithelium;  Birch-Hirschfeld's  assump- 
tion of  an  edema  of  Glisson's  capsule;  Bouchet's  hypothesis  of  a 
hepatitis;  Epstein's  theory  of  a  catarrh  of  all  the  bile  ducts.  Quincke's 
theory  of  a  patent  ductus  venosus  is  improbable. 

The  hematogenic  factor  in  the  etiology  of  icterus  neonatorum  is 
still  under  discussion.  The  many  supporters  of  this  theory  assume 
that  there  is  in  the  early  days  of  life  a  countless  destruction  of  erythro- 
cytes, which  produces  polycholia  and  jaundice.  Tliis  theory  has  been 
refuted,  the  apparent  destruction  of  red  blood  corpuscles  being  attrib- 
uted to  an  increase  in  plasma.  Still  more  recently,  evidence  has 
been  brought  forward  to  show  that  the  destruction  of  erythrocytes 
actually  does  occur.  Even  if  this  evidence  is  true,  it  only  furnishes 
plausible  explanation  of  .the  increased  bile  formation  in  the  early 
days  of  life,  which  must  otherwise  be  attributed  to  a  rapid  awakening 
of  the  function  of  the  hepatic  cells. 

The  only  experimental  work  which  has  been  done  in  this  condition 
is  that  of  Hess,  who  investigated  cases  of  icterus  neonatorum  with  the 
duodenal  caUieter.  He  found  that  bile  is  excreted  into  the  duo- 
denum very  rarely  in  the  first  twelve  hours  of  life.  In  the  next 
twenty-four  hours,  bile  excretion  is  variable,  being  profuse  in  cases 
with  marked  jaundice,  and  scanty  or  absent  in  cases  not  jaundiced. 
He  found  that  jaundice  precedes  the  excretion  of  bile  into  the  duo- 
denum, and  is  more  marked  in  cases  with  profuse  secretion.  Hess 
believes  that  the  cause  of  icterus  neonatorum  is  due  to  the  fact  that 
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the  mechanism  of  bile  excretion  into  the  duodenum  is  not  well  equipped 
in  the  earliest  days  of  life.  Excess  of  bile  is  secreted,  whether  or  not 
the  cause  is  an  increased  amount  of  available  hemoglobin.  Excre- 
tion becomes  profuse,  but  not  enough  to  take  care  of  the  excess, 
with  resulting  congestion  of  the  bile  capillaries. 

CONGENITAL  CIRRHOSIS  OF  THE  LIVER, 

CONGENITAL  OBLITERATION  OF  THE  BILE  DUCTS 

These  conditions,  while  described  by  many  writers  as  separate 
diseases,  are  here  described  together,  because  the  preponderance  of 
evidence  points  to  so  close  an  association  between  them,  that  many 
authorities  believe  them  to  be  different  stages  of  the  same  process, 
and  because  their  clinical  manifestations  are  practically  identical. 

Fig.  6s 


CongeniUl  drrhoBS  of  the  liver 

PATHOLOGICAL  ANATOMY.— In  the  majority  of  the  reported 
cases,  there  is  found  at  autopsy  complete  obliteration  of  some  part 
of  the  extra-hepatic  bile  ducts.  In  the  majority  of  cases  the  com- 
mon duct  is  obUterated,  usually  down  to  and  including  the  opening 
of  the  papilla  of  Vater.    The  obliteration  usually  also  involves  the 
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when  the  obstruction  occurred.  Meconium  is  usually  seen,  but  very 
soon  the  dejecta  become  white  or  clay  colored.  In  the  majority 
of  cases,  bile  pigment  is  not  to  be  demonstrated  in  the  stools  by  a  chem- 
ical test.  In  some  ca.ses,  however,  bile  pigment  has  been  found 
present,  these  cases  being  usually  those  conditions  in  which  congenital 
cirrhosis  exists  without  obliteration  of  the  bile  ducts.  Nevertheless, 
I  have  recently  seen  a  case  in  which  no  obliteration  of  the  ducts  was 
found  at  autopsy,  with  bile  pigment  constantly  absent  in  the  stools, 
while  Hess  has  recently  reported  a  case  with  complete  obliteration  of 
the  common  duct,  in  which  the  stools  contained  traces  of  bile  pigment, 
which  proves  the  possibility  of  excretion  of  bile  from  the  circulation 
through  the  intestinal  wall.  The  stools  always  show  defective  absorp- 
tion of  the  fat  given  in  the  food. 

The  urine  is  always  dark,  and  contains  bile.  The  liver  and  spleen 
are  usually  enlarged,  although  not  always,  especially  in  cases  where 
cirrhosis  of  the  liver  is  very  marked.  Hemorrhages  may  be  seen  in 
the  early  days  of  life,  or  late  in  the  course  of  the  disease. 

The  babies  lose  steadily  in  weight  and  strength,  Symptoms  of 
indigestion  may  be  present,  but  are  usually  notably  less  marked 
than  one  would  expect.  In  fact  the  general  condition,  for  quite  a 
time  after  the  development  of  the  symptoms,  remains  much  better 
than  would  be  exjwcted  in  a  condition  with  such  serious  lesions. 
Finally,  however,  malnutrition  becomes  extreme,  and  death  occurs 
from  inanition,  or  from  some  intercurrent  infection. 

DIAGNOSIS. — Icterus  neonatorum  is  easily  excluded  in  these 
cases,  on  account  of  its  mild  and  brief  type  of  jaundice,  and  the 
fact  that  the  stools  and  urine  remain  normal.  The  conditions  to  be 
particularly  considered  in  diagnosis  are  infectious  disease  of  the  new- 
bom  with  jaundice  as  a  symptom,  and  catarrhal  jaundice.  When 
jaundice  is  a  symptom  of  infection,  the  temperature  is  usually  ele- 
vated, and  not  infrequently  high  and  irregular.  The  general  con- 
dition is  usually  more  profoundly  affected  from  the  start.  The 
physical  examination  frequently  gives  definite  information  as  to  the 
source  and  location  of  the  septic  process.  The  jaundice  is  often 
not  quite  so  intense.  The  most  important  point,  however,  is  that 
the  movements  in  sepsis  are  not  light  colored,  and  contain  bile. 

It  is  more  difficult  to  exclude  catarrhal  jaundice,  although  this 
condition  is  extremely  rare  in  the  early  days  of  life.  Catarrhal 
jaundice  may  show  the  same  intense  icterus,  with  absence  of  bile 
in  the  stools.  Even  when  it  is  seen  early  in  life,  it  usually  develops 
at  a  somewhat  later  period  after  birth.  In  such  a  case,  with  com- 
paratively late  development,  and  with  absence  of  enlargement  of  the 
liver,  catarrhal  jaundice  may  be  suspected.  The  diagnosb  can  be 
confirmed  only  by  the  favorable  course  of  the  disease. 


SCLESEUA  219 

at  any  time  in  the  first  few  months  in  infants  weakened  by  malnu- 
trition, diarrhea,  or  some  acute  infection.  In  the  newborn  it  is 
most  frequently  found  among  those  who  are  born  in  exceedingly 
poor  hygienic  surroundings,  and  in  cold  weather.  The  cause  is  prob- 
ably general,  a  number  of  factors  being  involved,  such  as  great  feeble- 
ness with  weakness  of  circulation,  loss  of  fluid  from  the  skin,  lower- 
ing of  the  body  temperature,  and  hardening  of  the  subcutaneous  fat. 

PATHOLOGICAL  ANATOMY.— Although  Northrup  reported  a 
case  clinically  typical,  in  which  microscopic  examination  of  the  skin 
revealed  nothing  abnormal,  the  majority  of  writers  have  reported 
changes  in  the  skin.  These  changes,  however,  show  nothing  peculiar 
to  the  disease,  and  may  not  be  an  essential  feature.  Various  degrees 
of  atrophy  of  the  subcutaneous  connective  tissue  appears  to  be  the 
chief  lesion  described. 

SYMPTOMS, — Soon  after  birth,  spots  of  circumscribed  hardness 
appear  on  the  skin.  These  spots  soon  become  diffuse,  and  the  disease, 
starting,  as  it  usually  does,  in  the  feet  or  the  calves  of  the  legs,  passes 
up  the  thighs  to  the  trunk.  It  may,  however,  first  appear'upon  the 
face  and  upper  extremities,  though  not  commonly.  The  skin  is  waxy 
and  glistening,  and  is  hard  and  cold;  the  limbs  become  thick,  stiff, 
and  misshapen.  The  infant  soon  grows  weak  and  somnolent,  and 
refuses  to  take  its  food;  the  breathing  becomes  rapid  and  superficial, 
the  voice  is  weak  and  whimpering,  and  the  pulse  small  and  retarded. 
The  temperature  is  markedly  subnormal  and  death  takes  place  seem- 
ingly from  inanition. 

DIAGNOSIS.^ Sclerema  presents  so  definite  a  clinical  picture, 
that  the  diagnosis  is  usually  easy.  It  must  be  distinguished  from 
the  edema  occasionally  seen  in  newborn  babies.  In  sclerema  the 
skin  is  harder,  and  does  not  pit  on  pressure. 

PROGNOSIS. — The  outlook  in  sclerema  is  very  bad,  because  of 
the  grave  character  of  the  etiologic  factors.  It  is  usually,  but  not 
invariably  fatal. 

TREATMENT. — Artificial  heat  is  the  most  important  thing  in 
the  treatment.  The  incubator  or  incubator-bed  must  be  used.  The 
nutrition  must  be  maintained  as  well  as  possible  by  careful  feeding. 

EDEMA 

Edema  is  occasionally  seen  in  early  infancy.  In  a  certain  number 
of  cases,  edema  is  a  symptom  of  some  severe  disease,  such  as  septic 
infection,  syphilis  of  the  internal  organs,  pulmonary  diseases,  and 
severe  gastro-intestinal  disturbances.  There  is  a  form  to  which  the 
name  Oedema  Neonatorum  may  be  applied,  which  is  not  sympto- 
matic of  any    recognizable   disease   process.    This  edema  is  seen 
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most  frequently  in  premature  or  congenitally  feeble  infants,  and 
appears  usiially  on  the  &rst  day  of  life.  The  edema  appears  first 
in  the  suprapubic  zone,  then  involves  the  legs  and  sexual  organs, 
and  is  occasionally  seen  on  the  backs  of  the  hands.  It  is  never 
general.  There  are  two  stages  in  its  development;  in  the  first  the 
tissue  appears  overfilled  with  fluid,  but  does  not  pit  on  pressure; 
in  the  second,  there  are  the  usual  signs  of  edema  with  pitting.  It 
lasts  usually  but  a  few  days;  the  longest  recorded  case  lasted  twenty 
days.  Any  deviation  from  the  typical  development  is  suggestive 
of  symptomatic  edema  from  one  of  the  other  causes.  Edema 
neonatorum,  however,  may  pass  over  into  one  of  the  other  forms. 
Its  prognosis  and  treatment  is  that  of  congenitally  feeble  and  pre- 
mature infants. 
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newborn  are  the  pyogenic  types  already  mentioned.  Infection 
when  from  any  source  these  microorganisms  are  brought  to 
the  portals  of  entry  which  are  open  in  a  newborn  child  whose 
oce  is  not  sufficient  to  prevent  their  entrance,  I  do  not  believe 
le  low  general  resistance  of  the  newborn  infant  is  ,so  great  a 
in  the  occurrence  of  infectious  disease  as  is  generally  stated, 
infant's  general  resistance  to  infection  were  so  very  low,  infec- 
ould  be  relatively  much  more  common, 
most  important  factor  is  the  relatively  open  condition  in  the 
m  infant  of  certain  portals  of  entry,  particularly  the  umbilical 
It  is  true  that  in  a  large  number  of  cases  of  infectious  disease 
newborn  the  portal  of  entry  cannot  be  discovered,  but  there  is 
oubt  that  in  most  of  these  the  infection  is  of  umbilical  origin, 
rvery  newborn  baby  has  an  open  wound,  which  is  closely  con- 
with  the  general  circulation  through  the  anatomical  connec* 
)f  the  umbilical  vessels,  is  adequate  explanation  for  the  fre- 
'  and  peculiarities  of  this  type  of  infection  in  newborn  infants, 
he  umbihcus,  the  stump  qI  the  cord  is  undergoing  a  necrotic 
gration  with  which  may  be  associated  pyogenic  organisms, 
ligated  umbilical  veins  are  formed  thrombi  which  may  easily 
i  infected,  and  as  a  result  may  break  down  into  purulent 
al.  As  a  result  of  such  a  septic  phlebitis  the  infected  material 
nter  the  circulation  and  produce  a  general  septicemia,  while 
d  emboli  may  be  carried  to  any  organ  in  the  body.  All  these 
>es  may  go  on  without  any  lesion  being  noted  at  the  umbilicus, 
erefore  it  is  wise,  in  any  case  of  infectious  disease  of  the  new- 

0  regard  the  umbilicus  as  the  probable  portal  of  entry, 

■e  are  undoubtedly  other  portals  of  entrj'  in  certain  cases, 
ganisms  may  enter  through  abrasions  of  the  skin  or  mucous 
anes,  through'  the  lungs,  through  the  mouth,  and  in  rare 
:es  through  the  eye,  ear,  or  genital  tract, 
probable  that  even  in  umbilical  infection,  the  organisms  are 
ose  normally  associated  with  the  disintegration  of  the  cord, 
at  the  umbilical  cord  is  inoculated  with  organisms  of  a  par- 
ly pyogenic  nature.  Such  inoculation  is  also  the  probable 
of  infection  through  the  other  portals  of  entry.    The  sources 

1  inoculation  are  the  vaginal  discharges  of  the  mother,  unclean 
of  nurse  or  physician,  improper  care  of  the  umbilical  wound, 
ath  water,  dirty  clothing,  in  short,  any  agent  which  may  carry 
organisms  to  the  portal  of  entry.  In  cases  of  infection  through 
igs  or  intestinal  canal,  it  is  probable  that  infected  mucus  or 
amnii  may  reach  these  respective  portals  of  entry  in  the  in- 
first  movements  of  respiration  or  of  deglutition.  In  rare 
;es  septic  infection  may  be  transferred  directly  from  an  in- 
mother  to  the  fetus  through  the  placental  circulation. 
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PATHOLOGICAL  ANATOMY.— The  lesions  of  infectious  disease 
of  the  newhom  show  no  essential  peculiarities  differing  from  pyo- 
genic infection  at  other  periods  of  life.  Umbilical  arteritis  or  phle- 
bitis are  the  most  frequent  lesions.  The  liver  is  the  organ  which 
most  frequently  shows  pathologic  changes,  as  one  would  expect 
from  the  frequency  of  umbilical  infection.  In  the  liver  there  may 
be  suppurative  processes,  or  various  degenerative  changes.  Similar 
degenerative  changes  are  found  in  most  of  the  parenchymatous 
organs,  while  individual  foci  of  suppuration  may  have  almost  any 
distribution.    Hemorrhages  are  common. 

Associated  with  these  generally  distributed  lesions,  there  are 
usually  also  localized  lesions,  the  most  common  of  which  is  perito- 
nitis. Pneumonia,  pleuritis,  meningitis,  encephalitis,  pericarditis, 
osteomyelitis,  and  arthritis  are  also  found. 

There  is  a  condition  in  which  the  particular  group  of  lesions  have 
lead  to  its  description  as  a  separate  disease,  under  the  name  of  Fatty 
Degeneration  of  the  Newborn  or  Buhl's  Disease.  The  pathological 
changes  are  essentially  a  parenchymatous  inflammation,  followed  by 
fatty  degeneration  of  the  heart,  liver  and  kidneys,  together  with 
multiple  hemorrhages  in  the  various  organs.  Although  the  nature 
and  cause  of  this  condition  are  unknown,  it  was  first  described  before 
the  advent  of  modem  methods  of  bacteriological  study.  Both  the 
lesions  and  clinical  features  of  this  disease  show  no  essential  differ- 
ence from  those  of  pyogenic  infection,  and  it  is  probable  that  it  merely 
represents  a  particular  grouping  of  the  lesions  in  infectious  disease  of 
the  newborn. 

SYMPTOMS. — The  cUnical  manifestations  of  infectious  disease 
of  the  newborn  present  great  variations.  The  symptoms  due  to  the 
various  localized  lesions  seen  in  these  infections  are  particularly 
dependent  upon  the  portal  of  entry,  and  are  often  so  marked  as  to 
obscure  the  general  nature  of  the  disease. 

The  most  common  mode  of  onset  is  seen  in  the  umbilical  infec- 
tions. There  is  a  rather  sudden  rise  of  temperature,  followed  by  an 
irregular  septic  fever.  The  temperature  curve  is  very  irregular  and 
can  oijy  be  properly  observed  by  a  four-hourly  chart.  At  some 
periods  of  the  day  it  may  be  very  high,  at  others  may  even  be  below 
Dormal.  After  a  period  of  such  fever,  the  temperature  in  some  cases 
may  remain  permanently  below  normal. 

Associated  with  fever,  the  two  most  common  symptoms  in  general 
sepsis  of  the  newborn  are  jaundice  and  hemorrhages.  Jaundice  is  an 
early  and  prominent  symptom,  but  is  not  always  present.  It  is  not 
of  the  complete  obstructive  type,  bile  being  found  in  the  stools,  as 
well  as  in  the  urine.  Purpura  is  the  most  common  hemorrhagic 
manifestation;  it  occurs  as  a  fine  petechial  rash,  or  as  large,  scattered, 
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ae  blotches.  Hemorrhage  from  the  bowels  is  also  seea  at 
nd  more  rarely,  there  are  hemorrhages  from  the  nasal,  buccal, 
r  mucous  membranes. 

nervous  system  is  usually  profoundly  affected.  There  is  at 
notable  apathy,  which  rapidly  increases  into  stupor  leading 
ilete  coma.    Prostration  is  very  marked,  and  a  condition  of 

exhaustion  is  apt  to  come  on  rather  rapidly.  In  other  cases, 
;al  symptoms,  such  as  restlessness,  irritability,  twitchings, 
paralysis,  or  convulsions,  are  present, 
hysical  examination,  the  liver  is  usually  found  enlarged.  One 
)r  localized  evidences  at  the  portal  of  entry,  which,  as  has 
-eady  stated,  often  cannot  be  foimd.  The  umbiUcus  may  be 
1,  the  umbiUcal  depression  may  be  hlled  with  pus,  or  pus  may 
e  to  ooze  by  pressure  about  the  umbiUcus.  There  may  be 
lal  distention  and  tenderness,  which  are  an  aid  to  the  diag- 

umbihcal  infections  where  the  umbihcus  appears  normal, 
le  skin,  or  on  the  mucous  membrane  of  the  mouth,  nose  or 
can  sometimes  be  observed  the  ulceration  or  abrasion  througb 
he  infection  has  entered.    A  great  variety  of  lesions  may  be 
these  situations. 

.igns  of  localized  infection  are  sometimes  the  most  prominent 
manifestations  in  infectious  disease  of  the  newborn.  These 
I  not  differ  essentially  from  those  of  the  same  lesion  when  not 
testation  of  this  particular  disease.  One  should  look  hrst 
s  of  peritonitis;  then  for  signs  of  pneumonia,  pleuritis,  arth- 
teomyeUtis,  pericarditis,  meningitis,  and  encephalitis. 
iNOSIS. — The  diagnosis  of  infectious  disease  of  the  new- 
esents  extreme  difficulty,  owing  to  the  great  variety  of  the 

manifestations.  When  the  case  presents  the  clinical  syn- 
which  may  be  called  most  typical,  namely,  that  of  septic 
iture  with  jaundice,  hemorrhages,  and  great  prostration,  the 
is  is  comparatively  easy.  The  other  causes  of  jaundice  in 
1  babies,  namely,  icterus  neonatorum,  and  congenital  cirrhosis 
iver,  are  not  associated  with  fever,  nor  do  they  show  extreme 
ion.  Catarrhal  jaundice  often  is  associated  with  fever,  but 
rare  in  newborn  infants,  and  the  fever  is  not  of  a  septic  char- 
lor  is  extreme  prostration  present.  The  other  causes  of 
lage  in  newborn  infants,  namely,  hcmophiUa  and  hemorrhagic 
of  the  newborn,  can  usually  be  easily  excluded,  as  in  them 
lage  is  practically  the  only  symptom, 
nost  difficult  cases  for  diagnosis  are  those  in  which  the  syn- 
lescribed  above  is  not  present,  but  in  which  the  symptoms 

localized  lesions  as  peritonitis,  pneumonia,  meningitis,  or 
iteritis  are  the  prominent  clinical  features.    It  should  be 
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functions  were  normal,  and  the  weight  of  the  infant  remained  sta- 
tionary or  was  even  at  times  increased.  The  fatal  cases  resulted 
either  from  the  intensity  of  the  attack  or  from  some  intercurrent 
affection  or  sequela,  such  as  furunculosis.  This  disease  is  usually 
recognized  as  a  local  septic  infection  of  the  skin,  and  it  would  seem 
that  it  would  be  easily  distinguished  from  the  pemphigus  which 
occurs  in  the  early  weeks  of  life. 

INFECTIOUS  HEMOGLOBINEMIA  (Winkel's  Disease) 

Infectious  hemoglobinemia  is  an  affection  which  is  met  with 
in  newborn  infants,  usually  in  the  early  days  of  Ufe,  and,  as  a  rule, 
arises  as  an  endemic  disease  in  hospitals.  The  disease  is  charac- 
terized by  extreme  cyanosis,  icterus,  hemoglobinuria,  somnolence, 
rapid  collapse,  and  the  absence  of  fever. 

ETIOLOGY.— The  ■  etiology  of  this  disease  is  obscure.  A  specific 
microorganism  has  not  yet  been  discovered,  yet  the  endemic  char- 
acter of  the  malady  and  the  changes  which  are  produced  in  the  blood 
warrant  us  in  supposing  that  it  is  an  infectious  disease.  It  would 
be  described,  not  as  a  separate  infection,  but  as  a  probable  special 
manifestation  of  infectious  disease  of  the  newborn,  were  it  not  for 
its  epidemic  character,  which  suggests  a  probable  undescribed  specific 
infection  as  a  cause. 

PATHOLOGICAL  ANATOMY.— A  careful  post-mortem  examina- 
tion of  Winkel's  cases  showed  that  there  was  cyanosis  of  the  external 
and  internal  organs.  Except  in  one  instance,  no  pathological  condi- 
tion of  the  vessels  of  the  cord  was  described.  The  cortex  of  the 
kidney  was  found  to  be  wider  than  normal,  to  be  of  a  brownish  color, 
and  to  present  numerous  minute  hemorrhages.  In  some  places  the 
pyramids  were  entirely  black-red  in  color,  and  in  other  places  numer- 
ous black  streaks  were  found  which  converged  to  the  papillae.  This 
color  was  caused  by  the  filling  of  the  straight  tubules  with  granules 
of  hemoglobin.  Intact  erythrocytes  were  never  found.  The  blad^ 
der  was  found  to  contain  greenish-brown  urine.  The  spleen  was 
strikingly  enlarged  and  hard.  Its  length  was  about  7.5  cm.  (3  inches), 
and  its  weight  25  grammes  (5/6  ounce).  It  was  black-red  in  color, 
and  on  section  the  surface  was  smooth.  Microscopic  examination 
showed  a  considerable  accumulation  of  brownish  coloring  matter, 
partly  free  and  partly  in  the  pulp  cells. 

In  addition  to  these  appearances  in  special  organs,  minute  hemor- 
rhages were  found  in  nearly  all  the  organs,  but  especially  in  the 
pleura,  pericardium,  endocardiiun,  mucous  membranes  of  tiie  stom- 
ach and  small  intestine,  and  kidney;  they  were  also  found  in  the 
dura  and  pia  mater  and  under  the  capsule  of  the  liver.  The  lymph- 
follicles  were  swollen,  especially  Peyer's  patches  and  the  mesenteric 
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and  eighth  months  survive,  the  outcome  depending  on  the  vitality 
of  the  individual  baby,  and  the  care  with  which  it  is  treated.  There 
are  a  number  of  factors  which  make  the  prognosis  very  imcertain  in 
every  case.  Many  premature  infants  have  a  varying  degree  of 
congenital  pulmonary  atelectasis,  which  generally  lowers  their  vitality 
and  resistance.  Syphilitic  infants  usually  die  within  a  few  days. 
Sclerema  is  a  very  imfavorable  sign.  The  best  prognostic  indica- 
tion in  a  premature  infant  is  the  temperature  curve.  If  with  arti- 
jidal  heat  the  temperature  remains  subnormal,  or  if  the  curve  is 
very  irregular,  rising  above  the  normal  when  the  external  heat  is 
increased,  and  falling  below  the  normal  whenever  it  is  slightly  dimin- 
ished, the  probability  is  that  the  infant's  vitality  is  very  low.  When 
the  temperature  begins  to  approach  the  normal  line,  and  to  show  less 
irregularity,  the  prognosis  becomes  better.  The  weight  curve  stands 
next  to  the  temperature  curve  as  a  prognostic  sign.  A  steady  gain 
in  weight  is  a  very  favorable  sign.  Many  premature  infants,  how- 
ever, do  not  begin  to  gain  in  weight  for  a  number  of  weeks,  and 
yet  may  survive. 

It  must  be  remembered  that  even  with  the  best  care,  premature 
infants  are  liable  to  sudden  death  from  no  apparent  cause.  This 
liability  to  sudden  death  is  not  passed  when  the  infant  reaches  the 
period  of  full  term,  but  continues  for  a  number  of  months  thereafter. 

TREATMENT.— The  same  measures  of  care  which  are  indicated 
for  premature  infants,  are  also  applicable  to  infants  who,  although 
bom  at  full  term,  show  the  same  evidences  of  low  vitality  as  are 
characteristic  of  infants  prematurely  born. 

There  are  three  principal  points  to  be  considered  in  the  treatment 
of  premature  and  feeble  infants.  These  are  (i)  the  maintenance  of 
the  body  heat;  (2)  the  modifications  of  hygiene  and  care  which  are 
necessary  to  protect  the  infant  from  the  deleterious  influences  of 
the  external  world;  (3)  nourishment. 

Artificial  Heat.— For  the  maintenance  of  heat  in  premature 
infants,  various  forms  of  incubators  and  brooders  have  been  recom- 
mended and  widely  used.  My  experience  with  incubators  has  been 
entirely  unsatisfactory,  and  I  cannot  recommend  their  employment. 
An  "incubator  bed"  has  given  the  best  results  in  my  bands.  This 
consists  in  an  ordinary  infant's  crib,  padded,  and  with  the  lower 
half  covered  with  a  blanket,  sufficient  space  being  left  at  the  top 
for  the  admission  of  a  plentiful  supply  of  air. 

The  infant  is  wrapped  in  cotton.  The  best  means  of  wrapping 
the  infant  is  the  "premature  gown."  Such  a  gown  is  shown  in  the 
illustration.  It  is  made  of  a  thin  layer  of  absorbent  cotton,  about 
a  quarter  of  an  inch  thick,  between  two  double  layers  of  fine  gauze. 
The  layers  of  cotton  and  gauze  are  sewed  together  on  the  machine. 


The  premature  infant  should  be  handled  as  little  as  possible.    It 
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obtained  for  use  in  the  alternate  feedings  when  the  infant  is  not  put 
to  the  breast.  When  an  infant  is  too  feeble  to  take  the  breast,  as 
is  usually  the  case  in  infants  bom  before  the  eighth  month,  and  with 
feeble  babies  bom  in  the  eighth  month,  the  infant's  food  can  be 
obtained  by  pumping  the  breasts  at  the  proper  intervals. 

The  method  of  administering  milk  to  a  premature  baby  who  is 
unable  to  take  the  breast  is  important.  If  the  infant  is  able  to  swal- 
low, the  milk  should  be  given  with  the  Breck  feeder.  This  consists 
in  a  graduated  glass  tube  narrowed  at  the  ends.  Over  one  end  is 
placed  a  proper  sized  nipple,  and  over  the  other  end  is  placed  a  rubber 
compression  bulb.  The  advantage  of  the  Breck  feeder  over  giving 
the  milk  with  a  spoon  or  medicine  dropper  is  that  the  sucking  reflex 
is  not  entirely  abolished.  There  is  evidence  that  the  sucking  reflex 
has  an  important  influence  upon  the  digestive  function,  and  with 
the  Breck  feeder,  even  though  the  baby  be  unable  to  suck  strongly 
enough  to  draw  the  milk  from  the  bottle;  it  can  make  efforts  at  suck- 
ing, and  can  be  helped  by  the  pressure  made  by  the  nurse  upon  the 
rubber  bulb.  Whenever  the  infant  is  so  feeble  that  it  is  unable  to 
swallow,  it  must  be  fed  by  means  of  gavage.  When,  as  often  hap- 
pens with  premature  infants,  the  mother  has  not  a  sufficient  supply 
of  milk,  a  wet-nurse  should  be  obtained  if  possible.  The  wet-nurse 
should  always  be  accompanied  by  her  own  infant,  and  should  nurse 
it,  as  the  requirements  of  the  premature  infant  will  not  be  suf- 
ficient to  maintain  the  normal  function  of  lactation  in  the  wet-nurse. 

The  quantity  to  be  given  at  a  feeding  to  premature  infants  varies 
with  the  age  and  weight  of  the  child.  With  a  seven  months'  baby 
weighing  from  three  to  four  pounds,  one  can  begin  with  half  an  ounce 
every  hour.  Changes  are  regulated  by  the  temperature  and  weight 
curves,  the  composition  of  the  food,  the  appearance  of  the  movements, 
etc.  Usually  after  a  few  weeks  the  amounts  can  be  increased  and 
the  intervals  made  longer,  so  that  the  baby  will  get  an  ounce  every 
two  hours.  This  amount  will  later  be  further  increased  in  accord- 
ance with  the  ordinary  principles  of  infant  feeding. 

When  a  wet-nurse  cannot  be  obtained,  artificial  feeding  becomes 
necessary.  It  is  tme  that  the  outlook  with  artificial  feeding  is  not 
so  good  as  it  is  with  human  milk,  but  the  prognosis  is  not  so  bad 
as  some  writers  would  lead  one  to  suppose.  In  all  premature  infants 
we  have  to  contend  only  with  congenital  weakness  of  the  digestive 
powers,  and  such  cases  are  often  not  so  difficult  to  manage  with  arti- 
ficial feeding  as  are  older  infants  whose  powers  have  been  mined  by 
improper  feeding. 

The  amount  to  be  given  at  a  feeding  and  the  intervals  between 
feedings  are  the  same  with  artificial  feeding  as  when  breast  milk  is 
used.  The  composition  of  the  food,  however,  must  be  weak.  In 
my  experience  premature  infants  have  less  difficulty  in  digesting 
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Chart  of  prematme  infant,  shmolng  Umferoture,  Pidst,  respiration,  and  weifU  curves 

A.  Treatment  begun. 

W.  Weight  curve. 

It  is  to  be  noted  that  at  the  begianiDg  of  treatment  tbe  temperature  vis  subnomul, 
but  the  inknt  did  well  and  steadily  gained  in  weight  As  improvement  occurred,  the 
temperature  rose  to  the  normal  line. 
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tion,  or  any  causes  which  prevent  the  oflfspring  from  receiving  its 
sustenance  directly  from  the  maternal  mammae,  some  nutriment 
must  be  substituted  which  will  correspond  as  closely  as  possible  to 
the  natural  food-supply.  (3)  That  this  substitution  can  be  obtained 
most  exactly  through  the  product  of  the  mammary  gland  of  another  I 

woman.     {4)  That,  owing  to  the  strong  analogy  between  human  \ 

beings  and  all  animals  which  suckle  their  young,  we  should  in  our  | 

efforts  to  copy  good  human  milk  make  use  not  only  of  what  we  have  ; 

learned  from  human  beings,  but  also  of  what  is  known  of  lactation  as  ' 

it  occurs  in  animals.    Thjs  requires  a  knowledge  of  the  investigations  ' 

and  experience  of  those  who  have  studied  commercially  the  breed-  ' 

ing  of  animals  and  their  food,  and  the  production  and  modification 
of  their  milk. 
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properly  to  empty  the  breast.  It  has  been  observed  that  the  colos- 
trum corpuscles  always  reappear  in  the  milk  when  nursing  is  stopped 
and  the  milk  is  drying  up,  and  that  they  are  seen  even  when  lactation 
is  interrupted  for  a  few  days. 

DAE,Y  QUANTITY  OF  HUMAN  MILK.— The  quantity  of 
secretion  produced  by  the  breast  during  the  first  days  of  Ufe  is  very 
small.  On  the  first  day  the  quantity  of  colostrum  secreted  is  only 
from  lo  to  20  cc,  and  on  the  second  day  from  80  to  100  c.c.  The 
quantity  of  milk  secreted  daily  after  lactation  has  become  estabhshed, 
varies  within  the  widest  limits.  It  is  measured  by  weighing  the  baby 
before  and  after  each  nursing.  The  quanrity  differs  in  the  case  of 
each  individual  woman,  and  differs  in  the  same  woman  at  the  different 
periods  of  lactation.  The  quantity  also  varies  with  the  weight, 
vigor,  and  demands  of  the  baby.  In  view  of  this  variabifity,  it  would 
seem  as  if  any  figures  showing  the  average  quantity  taken  by  normal 
babies  from  the  breast  at  different  times,  would  have  comparatively 
little  pracrical  value.  Unfortunately,  this  is  the  only  method  we 
have  of  arriving  at  any  idea  as  to  how  much  food  the  normal  baby 
should  take  each  twenty-four  hours,  and  such  a.  standard  is  necessary 
both  in  judging  disturbances  of  breast  feeding,  and  in  planning  a 
routine  of  artificial  feeding.  It  has  been  shown  that  the  quantity 
taken  from  the  breast  by  normal  infants  is  a  better  guide  to  their  food 
requirements,  than  are  post-mortem  measurements  of  gastric  capacity. 

The  table  taken  from  Czemy  and  Keller  gives  Feer's  calculation 
of  daily  quantity  for  babies  of  average  weight  (Camerer's  figures). 

Table  31 

Average  Daily  Amount  of  Milk  Drawn  by  a  Baby 

(From  Csemy  and  KeUer) 
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BACTERIOLOGY.— Human  milk  is  generally  conadered  to  be 
sterile,  but  investigations  have  shown  that  the  milks  of  healthy  women 
contain  bacteria  in  the  majority  of  instances.  The  organism  most 
commonly  found  is  the  staphylococcus  aureus,  but  others  may  be 
present.  They  are  generally  believed  to  enter  the  ducts  from  with- 
out. Under  normal  conditions,  these  organisms  have  no  pathological 
significance  for  the  healthy  infant. 

CONDITIONS  AFFECTING  LACTATION.— It  has  generally 
been  held  that  the  composition  of  the  milk  of  a  nursing  mother  is  and 
can  be  much  influenced  by  her  diet.  Much  investigation  has  failed 
to  reveal  any  very  direct  or  important  influence  exercised  upon  the 
milk  by  the  nurse's  diet.  It  has  been  shown  that  the  quantity  of 
fat  will  diminish  when  nursing  women  are  underfed,  and  will  increase 
to  some  extent  when  more  fat  is  given  in  the  diet.  Certain  fruits  and 
vegetables  eaten  by  the  mother  occasionally  produce  a  sudden  dis- 
turbance of  digestion  in  nursing  babies.  Such  disturbances  are  how- 
ever, an  idiosyncrasy,  and  do  not  come  under  any  general  rule.  The 
weight  of  modem  opinion  grants  little  influence  to  diet. 

That  certain  drugs  taken  by  the  mother  can  be  excreted  in  the 
milk  has  been  definitely  proven.  Drugs  known  to  have  been  so  ex- 
creted, are,  according  to  Talbot,  potassium  iodid,  sodium  salicylate, 
antipyrin,  mercury,  aspirin,  calomel,  arsenic,  bromides,  hexamethy- 
lenamin,  and  bodies  soluble  in  fat.  These  drugs,  however,  are  found 
in  milk  only  in  slight  traces,  and  probably  cannot  do  harm,  except  in 
the  case  of  salvarsan,  when  sudden  death  of  the  infant  has  occurred 
after  treatment  of  the  mother.  Alcohol  is  found  in  breast  milk  only  in 
minimal  amounts,  and  only  after  a  very  large  quantity  has  been  taken. 

Vegetable  poisons,  and  toxins  formed  in  the  mother,  may  be  passed 
into  the  milk.  Antibodies  may  go  over,  and  it  has  been  shown  that 
immunity  can  be  transmitted  to  the  infant  through  the  breast  milk. 
This  probably  explains  the  immunity  against  infection  possessed 
by  the  nursing  baby,  not  seen  in  bottle  fed  babies.  Much  work  is 
now  being  done  on  the  transmission  of  various  immune  bodies. 

Nervous  impressions. — Excessive  nervous  disturbance,  excitement, 
or  violent  emotions  may  produce  a  marked  alteration  in  the  composi- 
tion of  milk.  The  evidence  of  this  phenomenon  is  mainly  rather 
clinical  than  chemical,  but  there  is  some  evidence  that  such  nervous 
disturbance  causes  an  actual  chemical  change,  the  protein  becoming 
increased,  through  which  the  baby  becomes  ill. 

Menstruation  usually  produces  little  chemical  change.  Some 
cases  have  been  reported  of  marked  change  in  the  composition  of 
breast  milk  during  menstruation.  The  coming  on  of  menstruation, 
is  not  a  sign  that  a  baby  should  be  weaned  because  of  this  cause 
alone.    Pregnancy,  however,  is  a  contraindicarion  to  nursing. 
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Sometimes  babies  are  unable  to  nurse  in  the  natural  manner  by 
sucking.  Such  inabiUty  of  the  infant  to  nurse  may  be  caused  by  a 
condition  on  the  part  of  the  mother,  in  which  the  nipples  are  very 
small  or  depressed.  Nipple  shields  will  sometimes  obviate  the  diffi- 
culty; when  this  device  is  employed,  great  care  must  be  exercised  ia 
keeping  clean  the  glass  shield  and  rubber  nipple.  Inability  to  nurse 
may  be  due  to  certain  conditions  on  the  part  of  the  infant,  such  as 
deformities  of  the  sucking  mechanism,  great  feebleness,  or  premature 
birth.  In  such  a  case,  the  breast  pump  should  be  employed  to  obtain 
the  breast  milk  which  the  baby  needs.  Under  the  use  of  the  breast 
pump,  the  secretion  of  the  breasts  is  liable  to  diminish,  and  eventu- 
ally to  disappear.  Sometimes  it  is  well,  if  possible,  to  borrow  a 
strong,  healthy  baby,  to  empty  the  breast  once  or  twice  a  day. 

Fio.  73 


Breast-pump 

The  breast  pump  is  an  apparatus  for  obtaining  milk  by  suction. 
A  nimiber  of  such  devices  are  sold,  but  none  is  absolutely  satisfactory. 
The  main  essential  is  to  have  a  device  which  is  easily  kept  clean. 

CARE  OF  THE  BREASTS.— The  care  of  the  breasts,  if  free  from 
fissures  and  excoriations,  requires  nothing  more  than  scrupulous 
cleanliness.  They  should  be  bathed  before  and  after  nursing  with 
cold  water  which  has  been  boiled.  A  piece  of  folded  sterile  linen  or 
some  other  soft  sterile  absorbent  material  should  be  kept  on  the 
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nipples  to  protect  them  from  contact  with  the  clothing  and  to  absorb 
any  overflow  from  the  breasts. 

When  the  nipples  are  very  tender  and  cause  great  discomfort  to 
the  mother  during  the  nursmg,  their  condition  frequently  becomes 
so  serious  an  obstacle  as  to  prevent  nursing  altogether.  Any  change, 
however,  should  not  be  thought  of  for  at  least  several  days,  or  untfl 
it  is  absolutely  certain  that  the  exquisite  pain  is  more  than  the  mother 
is  willing  or  able  to  endure.  It  is  often  the  case  that  after  a  brief 
continuation  of  great  suffering  from  tender  or  excoriated  nipples  the 
whole  difficulty  will  pass  away  and  the  mother  be  able  to  nurse  her 
infant  with  comfort.  Fissures  of  moderate  severity  should  be  treated 
by  washing  with  sterile  water  after  the  nursing,  and  by  applying 
boradc  acid  ointment,  or  the  compound  tincture  of  benzoin.  In 
more  severe  cases  nitrate  of  silver  should  be  applied  to  the  fissures, 
the  healthy  skin  being  protected.  Care  should  be  taken  not  to  apply 
remedies  which  might  injure  the  infant.  Where  the  nipples  show  a 
tendency  to  be  dry  and  hard,  it  is  well  to  apply  some  simple  ointment 
once  or  twice  a  day  during  the  last  few  weeks  of  the  pregnancy.  As- 
tringents, as  a  rule,  should  not  be  used.  Bathing  with  cold  water 
before  and  after  the  nursing,  and  thus  keeping  the  tissues  in  a  healthy 
condition,  is  a  valuable  prophylactic  measure. 

Another  trouble  which  may  arise  during  the  nursing  period  is  a 
disturbance  of  the  mammary  gland  itself,  sometimes  amounting 
merely  to  a  stasis  in  its  milk  production,  bpt  again  going  on  to  in- 
flairmiation.  The  latter  is  a  serious  matter,  and  should  at  once  be 
placed  in  the  hands  of  a  skilful  surgeon.  The  former  condition  re- 
quires great  care  in  its  management.  Gentle  massage  from  the 
periphery  of  the  gland  towards  the  nipple,  amounting  in  fact  to 
merely  a  delicate  stroking  with  the  ends  of  the  fingers,  is  an  important 
part  of  the  treatment.  The  breast  should  be  withheld  from  the 
infant  for  about  twenty-four  hours,  and  the  milk  from  time  to  time 
drawn  in  small  quantities  by  means  of  a  properly  adjusted  breast- 
pump.  The  breast  should  also  be  carefully  supported  by  a  swathe. 
If  these  measures  are  begun  as  soon  as  there  are  any  indications  of 
disturbance  in  the  breast,  these  abnormal  conditions  soon  disappear. 
The  indications  referred  to  consist  in  the  appearance  of  hard  swell- 
ings in  place  of  the  usual  soft  elastic  condition  of  the  milk  glands. 
These  swellings  may  occur  without  any  especial  pain,  but  on  palpa- 
tion they  are  usually  tender  to  a  greater  or  less  degree. 

When  nursing  must  be  temporarily  interrupted  on  account  of 
tender  or  excoriated  nipples,  the  breast  pump  is  indicated,  or  the 
nipple  shield  may  first  be  tried. 

NURSING  IN  THE  NEWBORN.— The  newborn  baby  should  be 
put  to  the  breast  at  the  end  of  six  to  twelve  hours,  and  every  six 
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be  told  to  wake  the  baby  up  if  it  happens  to  be  asleep  at  nursing  time. 
Under  such  management  the  baby  soon  acquires  regular  habits. 

The  Intervals  Between  Feedings. — These  are  less  important 
than  regularity,  provided  they  be  not  too  short.  There  is  consider- 
able difference  in  opinion  and  practice  in  different  parts  of  the  coun- 
try as  to  what  the  nursing  intervals  should  be.  The  tendency  in 
some  localities  is  to  use  longer  intervals,  such  as  four  hours.  The 
clinical  evidence  brought  forward  in  favor  of  long  intervals  is  not 
very  conclusive,  nor  is  there  evidence  based  on  accurate  scientific 
investigation  of  the  emptying  time  of  the  stomach.  Infants  can  be 
accustomed  to  longer  intervals,  but  the  process  of  training  them  is 
often  troublesome,  and  there  is  no  proved  advantage  to  be  gained.  I 
beheve  the  tendency  toward  long  intervals,  under  present  evidence, 
is  rather  a  fad  than  a  practice  to  be  recommended.  Individual 
variation  also  plays  a  part,  some  babies  doing  better  on  longer,  and 
others  on  shorter  intervals.  The  intervals  which  I  am  accustomed 
to  recommend  are  the  following: 


Table  si 

Inlenals  Btl%tcn  Feedings 

„. 

34  HOURS 

FEEDIKCS 

INTERVALS 

First  4  weeks 

or       8 

8 
or       7 

7 

6 

6 
or      s 

- 

s    hours 
it  hours 

ij  hours 
3    hours 

to  .2  months 

3    hours 
J  or  4  hours 

The  feedings,  exclusive  of  the  night  feeding,  are  supposed  to  begin 
at  6  A.  M.  and  end  at  9  or  10  p.  M.  By  night  feedings  are  meant  feed- 
ings given  between  9  or  10  p.  M.  and  6  A.  M,  This  is  the  only  feeding 
at  which  an  absolutely  regular  hour  is  not  essential,  but  which  can 
be  given  when  the  baby  wakes  up  and  cries.  If  however,  the  baby 
wakes  up  and  cries  a  second  time  in  the  night,  it  is  better  to  give  the 
night  feeding  at  a  regular  time  in  the  middle  of  the  period,  about  2 
A.  M.,  in  order  that  the  baby  shall  not  form  the  habit  of  wanting  more 
than  one  night  feeding.  The  figures  showing  night  feedings  in  the 
table  represent  the  maximum.  Generally,  the  night  feeding  should 
be  dropped  as  soon  as  possible  at  any  age,  and  as  soon  as  the  baby 
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than  when  she  is  not  nursing.  The  additional  meals,  as  a  rule,  should 
be  made  up  of  milk  or  cocoa.  There  does  not  seem  to  be  any  advan- 
tage in  adding  any  special  beverages,  such  as  beer,  malt,  or  stimulants, 
to  her  diet.  She  should  receive  as  much  milk  as  is  compatible  with 
her  digestion,  and  should  drink  a  plentiful  supply  before  retiring  at 
night.  Certain  vegetables,  and  sometimes  fish,  will  in  individual 
cases  affect  the  milk  and  cause  discomfort  to  the  infant.  We  must, 
then,  in  every  case,  seek  to  determine  which  article  of  diet  may  cause 
disturbance  in  the  special  woman's  milk  secretion,  and  eliminate  that 
article.  We  should,  however,  be  very  careful  not  to  exclude  this 
special  article  of  diet  from  the  regimen  of  a  large  number  of  women 
to  whom  it  might  be  of  benefit  rather  than  of  harm,  simply  because  it 
has  affected  the  milk  of  a  few  women.  For  the  average  woman  a  plain 
mixed  diet,  with  a  moderate  excess  of  fluids  and  proteids  over  what 
she  is  normally  accustomed  to,  will,  as  a  rule,  give  the  best  results. 

Exercise  has  so  constant  an  influence  on  the  changes  which  take 
place  in  the  daily  secretion  of  the  milk,  that  the  mother  should  be 
encouraged  to  be  out  of  bed  and  to  walk  about  her  room  as  soon  after 
her  confinement  as  is  possible  without  injuring  her  physical  condi- 
tion. Exercise  is  so  important  for  promoting  the  proper  elaboration 
and  equilibrium  of  the  milk  secretion  during  the  entire  period  of 
lactation,  that  it  should  always  be  insisted  upon,  and  regular  hours 
for  wa'king  should  be  as  definitely  arranged  during  the  day  as  the 
hours  for  eating.  The  exercise  must,  however,  be  in  accordance  with 
the  strength  of  the  special  woman,  for  fatigue  has  the  same  delete- 
rious influence  on  the  production  of  the  milk  as  has  lack  of  exercise. 

EVIDENCES  OF  NORMAL  LACTATION.— In  judging  of  the 
results  of  breast  feeding  in  any  given  case,  we  must  fully  appreciate 
the  fact  that  it  is  the  equilibrium  between  the  digestion  and  nutrition 
which  constitutes  success.  A  child  may  digest  its  milk  perfectly 
and  yet  drop  steadily  behind  in  its  weight  development.  On  the 
other  hand,  it  may  make  satisfactory  gains  in  weight  from  week  to 
week,  in  spite  of  persistent  symptoms  of  gastric  and  intestinal  indi- 
gestion. In  either  case  the  indicarions  for  regulation  of  the  feeding 
are  present. 

It  is  desirable  to  keep  careful  records  of  the  state  of  the  digestion, 
and  of  the  weekly  gains  in  weight.  A  child  in  whom  the  equilibrium 
between  digestion  and  assimilaUon  is  well  established  shows  the 
unmistakable  signs  of  good  health.  It  is  free  from  vomiring  and 
coUc.  Its  sleep  is  restful  and  regular.  It  is  always  eager  to  nurse 
and  is  satisfied  at  the  end  of  the  prescribed  period  of  fifteen  or  twenty 
minutes.  It  cries  only  when  disturbed  by  urination,  defecation,  or 
himger  shortly  before  nursing.  The  movements  are  regular,  one  or 
two  a  day,  smooth,  of  a  light-yellow  color  and  mush-like  consistency 
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above  may  be  the  cause.  The  commoDest  is  irregular  habits  of  nurs- 
ing. Worry,  nervousness,  excitement,  overeating,  constipation,  in- 
sufficient sleep,  insufficient  exercise,  menstruation,  pregnancy,  acute 
illness — any  of  these  may  be  the  cause.  In  many  cases  the  cause 
cannot  be  found;  the  milk  is  or  becomes  either  insufficient  in  quantity 
or  quality,  or  abnormal  in  quality,  without  any  apparent  reason.  In 
such  cases,  the  cause  is  to  be  sought  in  heredity,  and  in  the  condi- 
tions of  the  life  of  our  present  civilization. 

Several  types  of  abnormal  breast  milk  are  particularly  common. 
Perhaps  the  commonest  is  an  over-rich  milk,  high  in  all  the  nutritive 
elements,  having  a  composition  of  fat  5  or  6  per  cent,  sugar  8  per  cent, 
protein  2  1/2  or  3  per  cent.  Such  a  milk  is  often  seen  in  well-fed 
women  who  take  insufficient  exercise.  Another  type  of  abnormal 
breast  milk  is  low  in  fat  and  sugar,  high  in  protein,  having  a  composi- 
tion of  approximately  fat  2  per  cent,  sugar  5  or  6  per  cent,  protein 
2  1/2  or  3  per  cent.  Such  a  milk  is  often  seen  in  women  who  work- 
hard  and  are  underfed,  A  third  type  of  abnormal  milk  is  very  low 
in  fat  and  sugar,  and  very  high  in  protein.  Its  composition  approxi- 
mates fat  I  to  I  1/2  per  cent,  sugar  3  per  cent,  protein  3  i/z  to  4  per 
cent.  Such  a  milk  is  seen  in  "  highly  civilized  "  women  with  over- 
developed nervous  systems. 

SYMPTOMS  AND  DIAGNOSIS.— Disturbed  breast  feeding  is 
recognized  by  certain  symptoms.  The  babies  may  have  vomiting 
or  colic,  or  abnormal  movements,  or  hunger-crying  and  restlessness, 
or  constipation.  Failure  to  gain,  or  loss  of  weight  may  be  the  chief 
symptom,  but  may  be  absent. 

For  purposes  of  practical  diagnosis  and  treatment,  cases  of  dis- 
turbed breast  feeding  may  be  divided  into  two  classes,  i.  Cases  in 
which  the  trouble  is  due  to  an  insufficient  breast  milk,  and  2.  cases 
in  which  the  trouble  is  due  to  a  bad  breast  milk.  In  the  first  class 
the  milk  is  insufficient  to  meet  the  nutritive  requirements  of  the  baby, 
but  does  not  cause  symptoms  of  indigestion.  In  the  second  class  the 
term  bad  means  that  the  milk  is  so  unsuited  to  the  digestive  powers 
of  the  baby  as  to  cause  symptoms  of  indigestion. 

Symptoms  of  Insufficient  Breast  Milk.— These  are  failure  to 
gain,  or  loss,  in  weight,  hunger-crying,  with  periods  of  excessive  somno- 
lence; constipation,  with  small  stools  of  increased  consbtency,  but 
otherwise  well  digested  and  of  normal  color.  This  set  of  symptoms 
always  means  insufficient  milk.  The  milk  may  be  deficient  either 
in  quantity  or  in  quality,  and  for  purposes  of  treatment  it  is  important 
to  determine  which  condition  is  present.  When  the  baby  seems  satis- 
fied after  nursing,  but  wakes  up  and  cries  long  before  the  next  feeding 
time,  the  milk  is  apt  to  be  normal  in  quantity,  but  of  very  weak  com- 
position.   When  the  baby  is  not  satisfied  at  a  feeding,  wants  to  nurse 
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1.  To  increase  the  total  quantity,  try  to  better  the  mother's  physical 
condition  by  careful  attention  to  all  hygienic  conditions.  Increase 
the  liquids  in  the  mother's  diet,  moderately,  not  to  excess.  En- 
courage the  mother  to  believe  that  she  will  be  able  to  nurse  her  infant. 
Gruel  is  a  good  addition  to  the  diet,  but  malt  liquors  do  no  good,  and 
rich  cocoa  or  chocolate  should  be  avoided.  It  is  probable  that  the 
special  galactogogues  mentioned  in  medical  literature  from  time  to 
time,  such  as  injections  of  pituitary  extract,  or  corpus  luteum,  or 
placenta,  do  no  good. 

2.  To  diminish  the  total  quantity,  restrict  the  fluid  a  little,  diminish 
the  food  taken  a  little,  and  keep  the  bowels  well  open. 

3.  To  increase  the  total  solids,  shorten  the  intervals  between  the 
nursing,  and  try  to  improve  the  mother's  general  condition  in  every 
possible  way. 

4.  To  diminish  the  total  solids,  lengthen  the  nursing  intervals,  and 
increase  the  food. 

Additional  rules  are  given  in  many  text  books  for  increasing  or 
diminishing  the  particular  food  elements,  fat,  carbohydrate,  and  pro- 
tein. Increasing  the  protein  in  the  food  was  formerly  supposed  to 
increase  the  fat  in  the  milk,  but  it  is  now  believed  that  there  is  no 
relation  between  the  protein  in  the  mother's  diet,  and  the  fat  in  the 
breast  secretion.  If  a  woman  is  underfed,  increased  fat  in  the  food 
will  cause  increased  fat  in  the  milk.  If  she  is  not  underfed,  the  fat 
in  her  milk  cannot  be  altered  by  any  special  dietary  regulations. 
Too  much  protein  in  the  milk  may  imdoubtedly  be  caused  by  insuf- 
ficient exercise,  and  also  by  fatigue,  worry,  and  nervousness.  In  the 
treatment,  nothing  further  can  influence  the  protein  than  by  gen- 
erally correcting  aU  unfavorable  hygienic  conditions.  There  is  no 
way  of  aflecting  the  carbohydrate. 

When  the  disturbance  of  breast  feeding  is  due  to  unsuitable  milk, 
and  the  symptoms  are  those  of  indigestion,  every  effort  should  be 
made  to  aid  the  baby  by  relieving  the  symptoms  with  palliative 
measures,  while  waiting  for  the  treatment  of  the  mother  to  take  effect. 
One  of  the  simplest  and  most  effective  of  these  measures,  is  to  try  to 
dilute  the  breast  milk  at  each  nursing.  This  is  done  by  giving  the 
baby  some  diluent  immediately  before  the  feeding.  Boiled  water 
may  be  used,  or  still  better,  some  slightly  alkaline  solution,  for  in 
the  majority  of  instances,  the  symptoms  of  indigestion  are  due  to 
excessive  protein,  and  the  alkahes  have  a  favorable  influence  in  dis- 
turbances due  to  protein.  From  two  to  four  teaspoonfuls  each  of 
boUed  water  and  lime  water  may  be  given  immediately  before  each 
nursing,  or  a  weak  solution  of  sodium  bicarbonate,  i  grain  to  the  tea- 
spoon, may  be  used  instead  of  the  water  and  lime  water.  If  constipa- 
tion is  present,  boiled  water  with  about  10  drops  of  milk  of  magnesia 
may  be  used. 
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After  all  these  measures  have  been  instituted,  continuance  of  the 
symptoms  of  indigestion  may  show  that  the  breast  milk  is  still  un- 
suited  to  the  baby's  digestion,  and  that  it  cannot  be  made  suitable 
either  through  regulation  of  the  mother,  or  through  palliative  meas- 
ures  in  the  baby.  In  such  a  case,  further  treatment  depends  on 
whether  or  not  the  baby  is  gaining  in  weight,  for  many  babies  will 
gain  weight  on  breast  milk  in  spite  of  showing  symptoms  of  indiges- 
tion. If  the  baby  is  gaining  in  weight,  nothing  further  should  be 
attempted,  as  the  case  is  not  severe  enough  to  call  for  artificial  feeding. 
Palliative  measures  should  be  continued,  and  often,  as  the  baby  grows 
older,  its  digestive  power  improves,  or  the  composition  of  the  milk 
improves,  and  the  symptoms  disappear.  If  the  baby  is  not  gaining, 
or  is  losing  in  weight,  some  artificial  food  must  be  given  in  addition 
to  the  breast  milk.  The  baby  must,  however,  not  be  weaned,  and 
breast  piilk  should  still  be  the  basis  of  its  diet.  The  condition  of 
indigestion  is  usually  one  calling  for  diminution  of  the  total  breast 
milk  solids,  and  this  is  favored  by  lengthening  the  nursing  intervals. 
The  baby  may  now  be  fed  at  regular  intervals,  the  breast  and  the 
bottle  being  used  at  altemale  feedings.  This  tends  to  improve  the 
breast  milk,  by  lengthening  the  nursing  intervals,  without  disturbing 
the  child  by  lengthening  the  feeding  intervals.  Under  such  circum- 
stances the  breast  milk  frequently  improves  to  such  an  extent  that 
the  bottle  feedings  may  later  be  omitted.  If  the  symptoms  continue, 
but  the  baby  gains  weight,  nothing  further  need  be  done.  If  in  addi- 
tion to  the  persistence  of  indigestion,  there  is  no  gain  in  weight,  the 
physician  should  observe  carefully  whether  the  symptoms  are  most 
marked  after  the  breast,  or  after  the  bottle  feedings.  If  the  bottle 
feedings  give  no  lessening  of  the  symptoms,  the  composition  of  the 
artificial  food  must  be  changed  until  improvement  is  obtained.  If 
the  symptoms  are  relieved  by  the  bottle  feedings,  then  for  the  first 
time,  the  physician  should  begin  to  consider  passing  over  from  ma- 
ternal to  artificial  feeding.  Such  a  change,  however,  must  be  made 
gradually,  and  the  physician  must  assure  himself  that  the  artificial 
food  is  well  digested,  and  sufficient  to  nourish  the  infant.  Even 
when  this  is  clear,  the  breast  feedings  should  be  dropped  out  one  by 
one  only,  until  the  baby  is  gaining  weight,  and  as  many  breast  feed- 
ings as  possible  should  be  retained,  in  spite  of  their  causing  some 
indigestion.  The  activity  of  the  breast  should  in  the  meantime  be 
maintained  by  pumping,  so  that  the  breast  milk  will  remain  for  the 
physician  to  fall  back  upon,  if  necessary.  Only  when  it  becomes 
clear  that  the  breast  milk  is  so  bad  that  any  given  to  the  baby  causes 
disturbance,  and  prevents  gain  in  weight,  should  the  breast  be  dis- 
carded. When  mixed  feeding  is  thus  used  in  these  cases  of  unsuit- 
able breast  milk,  the  selection  of  the  first  artificial  food,  and  any 
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It  is  by  no  means  as  essential  as  was  formerly  supposed,  that  the 
age  of  the  wet-nurse's  baby  be  about  the  same  as  that  of  the  baby 
she  is  to  nurse.  After  the  first  month,  the  changes  in  the  composition 
of  breast  milk,  are  not  very  important.  In  an  infant  from  one  to 
six  months  old,  the  milk  of  a  wet-nurse  whose  milk  is  one  to  six  months 
old  will  usually  suffice. 

In  Boston  there  has  been  established  a  Wet-Nurse  Directory,  con- 
nected with  the  Infants'  Hospital,  of  which  the  object  is,  on  the  one 
hand,  to  help  poor  mothers  who  are  obliged  to  support  their  babies; 
through  the  Directory  they  can  earn  money,  without  being  separated 
from  their  young  infants.  On  the  other  hand,  the  Directory  pro- 
vides wet-nurses  for  physicians  who  need  breast  milk  for  their  cases. 
The  women  are  examined,  and  cared  for  medically  by  the  staff  of  the 
Infants'  Hospital,  and  those  out  of  employment  are  used  by  the  hos- 
pital. Thus  a  physician  applying  to  the  Directory,  is  supplied  with 
a  wet-nurse,  in  whom  he  can  be  sure  of  a  plentiful  supply  of  good 
milk,  and  that  syphilis  and  all  otber  diseases  are  excluded.  The 
price  paid  is  fixed  by  the  Directory. 

WEANING 

By  weaning  is  meant  the  discontinuance  of  breast  feeding,  and  the 
substitution  of  some  other  form  of  nourishment.  Weaning  should  be 
allowed  for  no  other  reason  than  for  the  mother's  or  baby's  best  good. 
It  should  never  be  permitted  for  the  mother's  convenience,  nor  for 
insufficient  grounds,  such  as  colic,  cracked  nipples,  menstruation,  or 
mild  symptoms  of  indigestion. 

Weaning  is  to  be  allowed  under  the  following  conditions: 

1.  In  the  normal  course  of  things,  when  the  baby  has  reached  the 
age  of  between  lo  and  u  months. 

2.  When  the  supply  of  breast  milk  completely  gives  out. 

3.  When  the  breast  feeding  is  attended  by  symptoms  of  indigestion, 
which  are  sufficiently  serious  to  cause  continual  failure  to  gain  in 
weight,  and  when  every  effort  to  relieve  this  condition  has  failed. 

4.  If  the  mother  becomes  pregnant. 

5.  If  the  mother  has  a  severe  acute  or  chronic  disease. 

There  is  a  tendency  to  wean  babies  upon  insufficient  grounds,  espe- 
cially to  give  up  breast  feeding  before  the  breast  milk  has  completely 
disappeared,  or  when  breast  milk  causes  comparatively  mild  symptoms 
of  indigestion.  Babies  should  not  be  weaned  except  under  the  con- 
ditions enumerated. 

Whenever  possible,  weaning  should  be  carried  out  gradually. 
Sudden  weaning  is  apt  to  produce  an  acute  disturbance  of  digestion. 
Gradual  weaning  may  be  used  in  all  the  conditions  in  which  weaning 
is  indicated,  except  pregnancy  or  severe  illness.  The  method  in 
which  weaning  is  carried  out  when  the  supply  of  breast  milk  fails, 


will  not  starve,  even  if  a  period  of  thirty-six  or  even  forty-eight  hours 
elapses.    In  extreme  cases,  a  few  tube  feedings  may  be  necessary. 


III.    ARTIFICIAL  FEEDING 

PRELIMINARY  CONSIDERATIONS 

The  resort  to  artificial  feeding  is  usually  a  matter  of  necessity.  It 
is  the  exception,  not  the  rule,  for  an  American  mother  to  be  able  to 
feed  her  infant  exclusively  on  breast-milk  for  the  full  twelve  months. 
Supplementary  feeding  generally  begins  between  the  sixth  and  ninth 
months  and  often  earlier.  The  fact  that  a  mother  does  not  nurse 
her  infant  is  dile  not  so  much  to  her  unwillingness  from  sel&sh  reasons, 
but  to  the  fact  that  she  is  a  victim  of  the  artificial  conditions  of  mod- 
em life,  and  cannot  nurse  because  of  a  deficiency  either  in  the  quan- 
tity or  quality  of  her  milk.  The  great  majority  of  babies  fed  on 
substitutes  for  breast-milk  represent  cases  of  failure  of  breast  feeding. 
Whereas,  in  exceptional  cases,  one  may  solve  the  problem  by  securing 
a  competent  and  reliable  wet-nurse,  there  is  not  in  this  country  a 
sufficient  number  of  the  class  from  which  wet-nurses  are  derived  to 
meet  the  demand  made  by  the  enormous  number  of  infants  whose 
mothers,  for  one  reason  or  another,  cannot  supply  their  natural  food. 
It  is,  therefore,  not  a  question  as  to  the  relative  advantages  of  breast 
and  artificial  feeding,  which  must  be  considered,  but  one  of  how  best 
to  solve  the  problem  of  feeding,  by  artificial  methods,  the  constantly 
increasiiig  number  of  infants  who  must  be  reared  on  the  bottle.  There 
is  little  question  that  here  in  America  the  methods  of  artificial  feeding 
have  been  more  fully  developed  along  scientific  lines  than  in  any  other 
country,  but  the  principles  of  the  modification  of  cow's  milk  and  per- 
centage feeding  have  by  no  means  been  generally  adopted  by  the  pro- 
fession as  a  whole.  The  scientific  modification  of  milk,  and  percent- 
age feeding,  are  followed  for  the  most  part  by  those  whose  practice 
is  especially  in  the  line  of  children.  It  is  owing  to  the  unfamiliarity 
of  the  general  practitioner  with  these  principles  and  their  aversion 
to  mastering  the  details  of  a  somewhat  difficult  subject,  that  infant 
mortality  in  the  first  year  has  reached  such  alarming  proportions. 
The  introduction  of  the  proprietary  foods  has  not,  and  never  will, 
solve  the  problem  of  substitute  feeding  of  infants.  Fresh,  clean, 
cow's  milk  must  be  the  basis  of  successful  feeding,  and  the  knowl- 
edge of  the  principles  by  which  such  milk  may  be  modified  in  its  com- 
position and  adapted  to  the  varying  needs  of  human  infants,  becomes 
of  vital  importance  to  the  welfare  of  the  race. 


SOURCE  OF  FOOD 

REQUIREMENTS— Human  milk,  the  food  which  nature  pro- 
vides for  infants,  contains  certain  food  elements,  which  we  must 
assume  to  be  necessary.  These  food  elements  are  fats,  carbohydrates, 
proteins,  and  certain  mineral  salts.  The  digestion  of  the  infant 
being  fitted  to  utilize  these  food  elements,  any  artificial  food  must 
contain  the  same  food  elements.  The  fat,  sugar,  protein,  and  salts 
should  correspond  as  closely  a^  possible  chemically  to  the  same 
elements  as  found  in  human  milk,  and  should  correspond  also  in  their 
relative  proportions.  The  food  which  contains  these  elements  in  a 
form  most  closely  resembling  those  of  human  milk  in  their  chemistry 
and  proportions  is  the  mammary  secretion  of  another  animal.  The 
only  animal  milk  which  can  be  obtained  in  sufficient  quantity  for  use 
as  a  food  for  infants  is  the  milk  of  the  cow. 

Further  requirements,  are  that  the  food  must  be  fresh,  clean,  free 
from  injurious  bacteria,  that  the  number  of  bacteria  be  not  excessive, 
that  it  be  free  from  preservatives,  and  that  it  be  not  skimmed  nor 
diluted. 

COW'S  MILK.  The  Cow.— The  breeds  of  cows  which  are  con- 
sidered most  desirable  for  the  general  purposes  of  milk  production 
are  not  the  best  for  use  in  infant  feeding.  The  most  prized  breeds 
are  those  which  give  the  richest  milk,  such  as  the  Jersey  and  Guern- 
sey cows.  These  breeds  yield  a  milk  which  contains  a  greater  quan- 
tity of  fat  than  the  commoner  breeds,  such  as  the  Holstein.  More- 
over the  fat  globules  in  these  rich  milks  are  larger  than  are  the  globules 
in  the  milks  from  the  commoner  breeds.  One  feature  in  which  cow's 
milk  differs  most  markedly  from  human  milk  is  the  chemical  composi- 
tion of  the  fats.  Cow's  milk  contains  a  greater  proportion  of  the 
volatile  fatty  acids  than  does  human  milk,  and  this  difference  is  greater 
in  Jersey  milk  than  in  the  milk  of  the  commoner  breeds.  Many 
infants  who  cannot  digest  Jersey  milk  in  any  modification,  can  take 
the  milk  of  the  commoner  kinds  of  cows. 

There  is  a  theory  prevalent  in  some  communities,  that  the  milk 
of  one  cow  is  preferable  for  the  nutrition  of  an  infant  than  the  milk 
of  a  mixed  herd.  This  is  a  false  theory,  and  indeed,  quite  the  con- 
trary is  true.  The  milk  of  a  mixed  herd  of  cows  is  much  more  stable 
in  its  composition,  showing  much  less  variation  from  day  to  day, 
than  the  milk  of  a  single  cow.  Also,  any  single  cow  is  liable  to  some 
sudden  upset  which  changes  the  composition  of  her  milk.  An  upset 
in  one  cow  does  not  manifest  itself  to  any  great  extent  in  the  mixed 
milk  of  the  whole  herd. 

Composition  of  Cow's  Milk  Compared  with  Human  Milk. — 
Cow's  milk,  like  human  milk,  contains  fat  in  the  form  of  an  emulsion, 
and  carbohydrate,  protein,  and  mineral  salts  in  solution.    The  mitk 
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varies  in  its  composition  just  as  does  human  milk.  The  variations 
depend  upon  the  breed  of  the  cow,  the  methods  of  feeding,  the  health 
of  the  animal,  the  season  of  the  year,  the  stage  of  lactation,  the  length 
of  the  interval  between  milkings,  the  portion  of  the  milk  withdrawn, 
and  many  other  conditions. 

The  analysis  of  an  average  good  cow's  milk  is  shown  in  the  table, 
compared  with  the  average  human  milk. 

Average  CoJit's  Milk  Conpared  viitk  Human  Milk 

cow'r  hilr  RiruAN  UILK 


rat 4.00  per  cent  4. 

Lactose 4.75  per  cent  7. 

Protein 3.50  per  cent  i. 

Salts 0,70  per  cent  o. 

Water 87.05  per  cent  87. 


.  per  c 


Fat  is  contained  in  cow's  milk  in  about  the  same  average  amount 
as  in  human  milk.  There  is,  however,  a  marked  difference  in  the 
chemistry  of  the  fat.  In  both,  the  greater  part  of  the  fat  is  in  the 
fonn  of  neutral  fat,  although  oleic  acid  is  in  greater  quantity  in  human 
milk.  The  chief  difference  is  that  cow's  milk  contains  a  greater  pro- 
portion of  the  lower  or  volatile  fatty  acids  than  does  human  milk. 
This  difference  is  very  important,  because  it  cannot  be  corrected  by 
any  known  method  of  cow's  milk  modification.  The  fat  globules, 
also,  are  slightly  larger  in  cow's  milk. 

The  carbohydraU  in  both  milks  is  lactose.  The  only  difference  is 
quantitative,  cow's  milk  containing  considerably  less  than  human 
milk. 

The  protein  of  cow's  milk  shows  both  quantitative  and  qualitative 
differences,  as  compared  with  human  milk.  The  quantity  of  protein 
is  much  greater  in  cow's  milk,  averaging  3.50  per  cent.  The  propor- 
tion of  casein  to  the  soluble  whey  proteids  (chiefly  lactalbumin)  is 
very  much  greater.  The  separation  of  the  different  forms  of  protein 
is  so  difficult  that  chemists  are  by  no  means  agreed  as  to  the  relative 
proportions  of  lactalbumin  and  casein  in  cither  human  milk  or  cow's 
milk.  In  general,  the  whey  protein  and  casein  in  human  milk  are 
about  equal,  or  possibly,  the  soluble  protein  is  in  excess.  On  the 
other  hand,  it  is  generally  agreed  that  in  cow's  milk  the  casein  is  in 
excess.  Some  writers  place  the  proportion  of  casein  to  whey  protein 
in  cow's  milk  at  4  to  i,  others  at  3  to  i.  The  casein  of  cow's  milk  is 
much  more  coaguiable  than  is  that  of  human  milk.  Whereas  the 
human  casein  is  only  slightly  coagulated  with  acids,  and  not  regularly 
by  rennet  plus  acid,  the  cow's  casein  is  readily  coagulated  both  with 
acids,  and  with  rennet  plus  acid.    The  curd  formed  in  gastric  digestion 
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text  book  of  this  kind,  and  the  reader  is  referred  to  the  reports  of  the 
various  milk  commissions. 

In  practice,  a  physician  should  recommeitd  the  use  of  certified  milk 
whenever  possible.  When  certified  milk  cannot  be  obtained,  he 
should  be  familiar  with  the  available  milk  supplies  in  his  locality, 
and  with  the  conditions  under  which  each  milk  is  produced,  and 
should  recommend  the  best. 

STERILIZATION  AND  PASTEURIZATION  OF  MILK.— 
Cow's  milk  may  be  heated  in  preparation  for  its  use  as  a  food  for 
infants.  The  object  of  heating  is  to  lessen  the  danger  of  damage 
to  the  infant  from  the  bacteria  contained  in  the  milk.  The  term 
"sterilization"  is  generally  used  to  designate  the  heating  of  milk 
to  a  boiling  temperature,  while  the  term  "pasteurization"  is  used 
to  designate  the  process  of  heating  at  a  temperature  lower  than 
boiling.  Neither  term  is  satisfactory.  Milk  is  not  rendered  bac- 
teriologically  sterile  by  the  process  of  boiling  ordinarily  employed, 
and  pasteurization  is  a  very  vague  term,  unless  it  is  definitely  stated 
at  what  temperature  and  for  how  long  the  milk  is  heated. 

The  Effect  of  Heat  on  the  Bacteriology  of  Milk. — The 
heating  of  milk  at  a  temperature  of  140°  F.  (60°  C.)  for  twenty 
minutes  will  destroy  the  recognized  pathogenic  non-spore-bearing 
organisms,  such  as  the  bacilli  of  typhoid,  diphtheria,  and  dysentery, 
and  the  vibrio  of  cholera.  Heating  at  a  higher  temperature  will 
destroy  these  organisms  in  a  shorter  time.  Many  of  the  organisms 
of  putrefaction  are  spore-bearing,  and  their  spores  are  highly  resis- 
tant to  heat;  some  of  them  have  been  shown  tjs  resist  boiling  for 
one  hour. 

Many  of  the  lactic-acid-forming  organisms  are  destroyed  by  heat, 
and  it  has  been  very  generally  believed  that  their  destruction  favors 
"the  development  in  heated  milk  of  proteolytic  spore-bearing  organ- 
isms, which  may  form  highly  toxic  products.  Ayers  and  Johnson, 
however,  have  recently  ^own  that  many  acid-forming  organisms 
are  not  destroyed  below  168°  F.  (75.6°  C.)  and  that  in  milk  pasteur- 
ized at  a  ten'perature  lower  than  this,  the  normal  process  of  souring 
takes  place,  though  somewhat  delayed.  No  difference  was  found  in 
the  relative  numbers  of  the  acid-forming,  and  proteolytic  groups  in 
pasteurized  milk,  from  that  seen  in  clean  raw  milk,  nor  in  the  rate 
of  multiplication.  There  is  at  present  no  definite  evidence  to  prove 
that  the  heating  of  milk  favors  the  growth  of  any  harmful  organisms. 

The  general  belief  is  that  the  heating  of  milk  has  no  effect  on 
any  bacterial  toxins  which  may  already  have  been  produced.  This 
is  only  partiy  true.  True  soluble  bacterial  toxins  are  thermolabile, 
many  of  them  being  destroyed  at  a  temperature  of  140°  F.  (60°  C). 
The  endotoxins  are  for  the  most  part  resistant  to  heat. 
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The  general  efEect  of  heating  milk  at  140°  F.  (60°  C.)  or  over, 
may  be  summarized  as  follows:  The  most  common  pathogenic  spore- 
bearing  organisms,  including  those  of  specific  infections,  are  de- 
stroyed, and  the  total  number  of  bacteria  is  lessened.  In  other 
words,  heating  brings  milk  bacteriologically  into  the  same  condition 
as  raw  milk  produced  under  the  most  careful  and  cleanly  conditions. 
The  subsequent  development  of  toxin-forming  spore-bearing  organ- 
isms is  possible,  if  the  milk  is  not  kept  at  a  temperature  suffidently 
cold  to  inhibit  their  growth. 

The  Effect  of  Heat  on  the  Composition  of  Milk. — The  boiling 
of  milk  produces  a  scum  upon  the  surface,  and  alters  the  taste  and 
smell  of  the  milk.  These  changes  are  not  marked  at  a  temperature 
lower  than  158°  F.  (70°  C).  Prolonged  boihng  changes  the  color 
to  brown  from  caramelization  of  the  sugar.  Heating  at  150°  F. 
{65°  C.)  for  over  thirty  minutes  delays  or  prevents  the  rising  of 
the  cream. 

When  milk  is  boiled,  some  of  the  mineral  salts  are  precipitated, 
and  the  inorganic  phosphorus  is  increased  at  the  expense  of  the 
organic  compounds.  Certain  changes  are  produced  in  the  chemistry 
of  the  casein,  through  which  it  becomes  less  easy  of  coagulation 
by  rennet  plus  add,  and  less  readily  acted  on  by  the  proteolytic 
digestive  ferments.  The  curd  formed  in  gastric  digestion  is  softer 
and  more  flocculent.    The  soluble  lactalbumin  is  entirely  precipitated. 

The  data  as  to  the  temperature  at  which  the  precipitation  of  the 
soluble  albumin  begins  are  not  in  agreement,  and  there  are  no  satis- 
factory data  as  to  the  temperature  at  which  the  other  changes  begin. 
Hippius  concludes  that  heating  at  149°  F.  (65°  C.)  for  thirty  min- 
utes produces  no  notable  changes  in  the  chemical  composition  of 
cow's  milk,  and  the  conclusion  is  probably  not  far  wrong. 

The  evidence  as  to  the  effect  of  heat  on  the  ferments  of  cow's 
milk  is  very  inconclusive.  It  is  probable  that  some  of  them  are 
destroyed  by  heat,  while  it  has  been  shown  that  others  resbt  various 
temperatures. 

The  Effect  of  Heat  on  the  Digestibiuty  and  Food  Value 
OF  Cow's  Milk.— The  more  or  less  general  belief  in  this  country 
has  been  that  babies  fed  continuously  on  cooked  milk  do  not  thrive 
as  well  as  babies  fed  on  raw  milk.  Recently  there  has  been  a  ten- 
dency to  examine  more  critically  the  evidence  on  which  this  assump- 
tion is  based,  with  the  result  that  more  or  less  doubt  has  been  thrown 
upon  its  truth.  The  evidence  has  been  derived  from  three  sorts  of 
experiments,  first,  in  artificial  digestion,  second,  on  animals,  and 
third,  on  babies.  Artificial  digestion  experiments  have  given  con- 
tradictory results,  some  writers  concluding  that  cooking  increases, 
and  others  that  it  diminishes,  the  digestibility  of  milk.    Animal 


genie  non-spore-bearing  organisms  are  destroyed.  Therefore,  when 
heating  is  indicated,  pasteurization  at  i40°F.  (60°  C.)  for  twentymin- 
utes  should  be  chosen. 

Indications  for  Pasteurization.— Whether  or  not  milk  should 
be  pasteurized  is  a  question  which  must  be  decided  in  each  individual 
case.  Three  factors  must  be  considered  in  arriving  at  a  decision:  i, 
the  source  of  the  milk  supply;  2,  the  season  of  the  year;  and  3,  the 
time  taken  in  delivering  the  milk.  With  every  source  of  milk  supply 
except  the  very  cleanest,  pasteurization  should  be  employed  as  a 
routine  measure.  With  such  a  clean  milk  supply  as,  for  instance, 
certified  milk,  pasteurization  should  be  employed  whenever  the  milk 
has  to  be  transported  for  any  considerable  distance,  or  when  con- 
siderable time  elapses  between  milking  and  delivery.  In  summer 
it  is  always  safer  to  pasteurize,  whate\er  the  milk  supply;  occasionally 
an  exception  can  be  made  when  a  milk  is  used  which  is  known  to  be 
produced  and  delivered  under  the  most  perfect  conditions.  In  gen- 
eral, pasteurization  should  be  employed  as  a  routine  measure,  except 
with  the  cleanest  milk  supply,  delivered  under  the  most  favorable 
conditions. 

When  an  infant  does  not  seem  to  thrive  on  pasteurized  milk,  it 
must  not  be  at  once  assumed  that  the  heating  of  the  milk  is  the  cause. 
Only  when  other  measures  have  been  thoroughly  tried,  the  pasteuriza- 
tion may  be  omitted  for  a  time  as  an  experiment.  The  only  risk 
supported  by  any  real  evidence  in  the  use  of  pasteurized  milk  is  the 
possible  development  of  scorbutus.  Scorbutus  is  a  much  less  serious 
danger,  than  is  bacterial  infection  or  intoxication,  and  if  it  de\  elops, 
it  is  easily  cured. 

Technique  of  PASTEimiZAXiON. — It  is  better  to  pasteurize  milk 
for  each  feeding  in  a  separate  bottle,  than  to  pasteurize  the  whole 
twenty-four  hours'  food  supply  in  one  large  receptacle.  It  is  difficult 
to  maintain  so  large  a  quantity  of  milk  at  the  desired  temperature  for 
such  a  length  of  time  as  twenty  or  thirty  minutes,  and  the  results 
bacteriologically  have  been  shown  to  be  not  as  good  as  when  the  milk 
is  pasteurized  in  smaller  quantities. 

Each  feeding  should  be  put  ina  separate  clean  bottle  which  has  been 
boiled,  and  the  bottles  should  be  stoppered  with  non-absorbent 
cotton.  The  bottles  are  then  placed  in  a  dish,  which  is  iilled  with 
cold  water  up  to  a  level  with  the  milk  in  the  bottles.  The  dish  is 
then  placed  on  the  stove  and  heated  until  the  thermometer  suspended 
in  the  water  reaches  145°  F.  (62.7°  C).  The  dish  with  the  contents 
is  then  removed  from  the  stove,  covered  with  a  blanket,  and  allowed 
to  stand  for  thirty  minutes.  At  the  end  of  this  time  the  bottles  are 
taken  out  and  quickly  cooled  in  running  tap  water,  after  which  they 
are  placed  on  ice,  or  in  a  cold  place,  until  used. 
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add  are  sold  with  the  machine.  The  milk  and  add  are  mixed  in  a 
test-bottle  with  a  long  graduated  neck.  The  bottles  are  then  whirled 
in  the  centrifugal  machine  at  a  high  speed  for  five  minutes.  Hot 
water  is  then  added  to  bring  the  mixture  up  to  the  neck  of  the  bottle, 
and  then  the  bottle  is  centrifuged  for  two  minutes.  Hot  water  is 
again  added  to  bring  the  separated  fat  up  into  the  graduated  neck  of 
the  bottle,  the  machine  is  again  whirled  for  a  short  time,  and  the 
length  of  the  column  of  separated  fat,  as  measured  on  the  graduated 
bottle-neck,  is  read,  the  reading  giving  the  per  cent  of  fat  in  the 
mixture. 


For  those  who  have  no  Babcock  machine  at  hand,  a  simpler  method 
of  estimation,  of  approximate  accuracy,  is  by  means  of  Holt's  cream 
guage.  This  instrument  is  simply  a  graduated  stoppered  tube,  which 
is  filled  with  fresh  milk  to  the  zero  mark,  and  is  then  allowed  to  stand, 
corked,  at  room  temperature  for  twenty-four  hours.  The  reading 
is  taken  from  the  cream  line,  and  three-fifths  of  this  reading  is  taken 
as  the  percentage  of  fat  in  the  milk. 

The  Protein.— No  chemical  method  of  estimating  the  protein  is 
very  satisfactory.  The  most  accurate  is  that  in  which  the  protdn 
is  precipitated  in  the  Esbach  tube  by  a  solution  of  phosphotungstic 
and  hydrochloric  adds,  the  reading  being  taken  at  the  end  of  twenty- 
four  hours.  An  approximate  idea  as  to  whether  the  protein  is  high 
or  low  may  be  found  by  considering  the  known  spedfic  gravity  in 
connection  with  the  known  percentage  of  fat.  In  this  estimation  we 
assume  that  the  percentages  of  sugar  and  mineral  salts  in  milk  are 
constant;  while  not  constant,  these  percentages  are  more  constant 
than  those  of  the  other  elements.  The  way  in  which  this  approximate 
conclusion  as  to  protein  is  made  is  shown  in  the  table: 
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feeding  been  appreciated,  and  then  only  by  comparatively  few  physi- 
cians. In  Europe  the  entire  attention  of  investigators  has  been 
centered  upon  the  chemical  factor,  and  the  individual  factor  has  been, 
and  still  is,  almost  entirely  neglected,  yet  it  is  the  individual  factor 
which  is  really  the  more  important  practical  source  of  difficulty  in 
artiiicial   feeding. 

One  great  obstacle  to  advance  in  our  knowledge  of  the  principles 
of  artificial  feeding,  has  been  the  generally  prevalent  idea,  existing 
not  only  in  the  minds  of  the  public  in  general,  but  even  in  the  mind* 
of  physicians  and  of  specialists  in  infant  feeding,  that  there  is  some- 
where, yet  to  be  discovered,  a  baby  food  of  transcendent  value  which 
will  solve  the  problem  of  infant  feeding,  and  which  can  be  fed  success- 
fully to  babies  in  general.  It  is  possible  that  in  the  minds  of  those 
who  have  studied  the  subject,  this  idea  takes  a  little  different  form- 
Such  men  will  look  upon  one  method  of  modifying  cow's  milk  as 
better  than  another  method.  To  regard  one  method  of  modifying 
cow's  milk  as  better  than  another,  must  mean  that  it  is  regarded  as- 
better  for  babies  in  general,  and  that  it  is  the  best  method  which  has- 
been  found.  This  opinion  carries  with  it  the  idea  that  there  is  a. 
best  method  of  modifying  cow's  milk,  and  that  is  only  the  ideal  baby 
food  expressed  in  other  words. 

The  nature  of  the  feeding  problem  is  such  that  an  ideal  baby  food 
can  never  be  attained.  The  factor  of  individual  variation  plays  too 
great  a  part,  and  we  shall  never  be  able  to  feed  babies  as  a  class,  nor 
to  find  a  food  or  method  which  will  be  best  for  babies  in  general. 
The  modification  of  cow's  milk  which  is  best  for  one  baby  will  always- 
be  worst  for  some  other. 

Great  advances  have  been  made  from  time  to  time  in  the  attempts- 
to  solve  the  chemical  difficulty  of  infant  feeding.  The  most  careful 
and  painstaking  researches  on  the  physiology  and  pathology  of  diges- 
tion in  infancy,  on  infantile  metabolism,  and  on  the  effect  upon  diges- 
tion and  metabolism  of  various  methods  of  modifying  cow's  milk 
have  been  made.  These  investigations  have  given  us  additions  to 
the  sum  of  our  knowledge  of  these  subjects,  the  value  of  which  cannot 
be  overestimated.  Usually  the  results  of  each  research  of  this  kind 
has  suggested  some  new  practical  method  by  which  cow's  milk  can 
be  modified  to  greater  advantage.  There  has  been  an  unfortunate- 
tendency  to  hail  each  new  method  of  modifying  milk  suggested  by 
researches  of  this  kind,  as  the  best,  if  not  the  ideal  method  of  feeding 
babies.  The  new  method  is  regarded  not  as  ranking  equally  in  value 
with  previous  methods,  but  as  being  a  step  in  advance  which  will 
supersede  older  methods  in  the  feeding  of  babies.  Thus  we  have 
passed  through  successive  stages  in  which  modification  with  whey, 
with  cereal  diluents,  with  various  alkalies,  with  maltose,  with  lactic 
acid  ferment,  with  precipitated  casein  has  each  in  turn  been  regarded 
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as  a  better  method  of  modifying  cow's  milk  thao  its  predecessors. 
Even  if  the  particular  investigator  has  not  himself  regarded  his  addi- 
tion to  the  methods  of  milk  modi&cation  as  a  new  method  of  feeding 
which  shall  supersede  others,  the  readers  of  his  reports  have  so  re- 
garded it.  The  way  in  which  the  results  in  practice  of  any  new  method 
of  modifying  milk  have  been  studied  and  reported  has  been  such  as 
to  perpetuate  the  idea  of  its  superior  value.  The  new  method"  of 
feeding  is  apphed  to  a  large  series  of  babies,  the  clinical  results  are 
studied,  and  a  statistical  report  is  published.  Such  reports  are  very 
misleading,  because,  studied  in  this  way,  every  new  method  of  modi- 
fying milk  gives  good  statistical  results.  The  individual  variation 
in  babies  is  so  great,  that  in  any  series  a  large  number  of  babies  will 
do  well,  and  a  considerable  number  of  babies  will  do  better  with  the 
new  method  of  feeding  than  with  any  other. 

This  tendency  to  overestimate  the  value  of  the  new  methods  of 
modifying  milk  su^ested  from  time  to  time  by  research,  and  to  apply 
them  to  the  feeding  of  babies  in  general,  has  been  most  unfortunate. 
There  has  never  been  any  logical  ground  for  believing  that  any  one 
of  them  is  better  for  babies  as  a  class  than  any  other.  Each  method  is 
based  on  some  actual  discovered  fact  in  infantile  digestion  and  meta- 
bohsm.  Each  older  method  has  been  in  its  day  just  as  well  supported 
byclinicalandstatisticalevidenceasisthe  new  method.  The  old  facts, 
if  brought  out  by  proper  research,  remain,  and  the  newly  discovered 
facts  are  only  additional,  but  do  not  contradict  the  oJder  ones.  There 
are  babies  who  do  better  on  one  method,  and  babies  who  do  better 
on  another.  We  should  not  discard  any  method  of  modifying  milk 
based  on  some  discovered  fact  about  the  infantile  digestion,  simply 
because  some  additional  fact  has  been  discovered  which  suggests  a 
different  method.  We  should  regard  every  method  of  modifying  milk 
based  upon  adequately  demonstrated  facts  concerning  the  digestion  and 
melaboUsm  of  the  infant,  as  having  its  own  particular  value,  as  being 
particularly  fitted  to  meet  the  digestive  peculiarities  of  individual  babies. 
We  should  regard  all  such  methods  as  constituting  our  stock  of  weapons, 
which  we  need  to  combat  the  many  difficulties  springing  from  the  peculiar 
chemistry  of  cow's  milk,  and  from  the  limitless  variation  in  the  baby's 
digestive  powers  Mnd  requirements.  We  should  hail  each  new  research 
and  the  practical  application  to  feeding  suggested  by  it,  not  as  a  new  or 
better  method  of  feeding  babies,  but  as  a  new  addition  to  our  stock  of 
weapons,  a  new  resource,  which  will  have  its  particular  use  in  a  problem, 
the  nature  of  which  is  such,  that  we  need  all  the  resources  at  present  avail- 
able, and  more. 

CALORIC  REQUIREMENTS  AND  DIGESTIVE  REQUIRE- 
MENTS.*-One  of  the  most  important  efforts  to  devise  a  method  of 
feeding  babies  in  general,  based  upon  research,  is  that  which  is  some- 
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times  called  the  caloric  method  of  feeding.  This  is  based  on  the 
so-called  minimum  caloric  requirement  of  a  normal  baby.  A  number 
of  infants  who  were  thriving  and  gaining  normally  in  weight  were 
investigated,  and  the  energy  value  of  the  food  taken  each  twenty-four 
hours  was  estimated  in  calories.  The  quantity  of  food  taken  varied 
with  the  weight  of  the  baby,  and  the  food  required  to  maintain  proper 
nutrition  was  measured  in  terms  of  calories  per  kilogram  of  body 
weight.  From  the  averages  of  large  series  of  babies,  was  deduced  the 
minimum  caloric  requirement,  which  represents  the  minimum  number 
of  calories  per  kilogram  of  body  weight  which  each  baby  must  receive 
daily  in  order  to  thrive. 

The  Minimum  Caloric  Requirements. — As  estimated  in  this  way 
the  minimum  caloric  requirement  is  as  follows: 

Table  i6 
ifinimum  Caloric  Requiremenl 

Birth-  6  months. no  cal.  per  kilo 

6-13  months, loo  cal,  per  kilo 

i)-24  months 90  cal.  per  kilo 

Protein  Requirement. — Protein  is  that  element  of  the  food  which 
is  used  in  the  building  up  of  the  body  tissues,  while  it  is  the  fats 
and  carbohydrates  which  are  concerned  with  energy  production. 
From  metabolism  experiments  has  been  deduced  a  protein  require- 
ment for  the  normal  baby.  The  protein  requirement  thus  estab- 
lished is  open  to  the  same  objections  as  caloric  requirement,  as  it 
is  based  on  the  method  of  averaging  variations.  I  believe,  however, 
that  variations  are  not  so  extreme,  and  that  the  protein  require- 
ment is  often  a  useful  guide.  It  is  from  1.0  to  1.5  grammes  of  pro- 
tein daily  per  kilogram  of  body  weight.  Most  milk  modifications, 
unless  extremely  low  in  protein,  more  than  fulfil  this  requirement. 

Caloric  Requirement  as  a  Basis  for  Feeding.— This  study  of 
caloric  requirement  led  to  the  idea  that  here  at  least  was  a  definite 
and  satisfactory  basis  for  the  artificial  feeding  of  babies.  Under  this 
system  the  physician  reckons  the  minimum  daily  caloric  require- 
ment from  the  weight  of  the  baby,  and  then  chooses  the  food  with 
the  primary  object  of  at  least  meeting  this  requirement.  The  amount 
of  fat,  carbohydrate,  and  protein  is  designed  to  produce  the  requisite 
calories.  In  case  of  indigestion,  if  one  element  in  the  food  must  be 
reduced,  the  others  must  be  proportionately  increased,  in  order  to 
maintain  the  caloric  value  of  the  food. 

Caloric  requirement  as  a  basis  for  feeding,^a  caloric  method  of 
feeding — is  open  to  numerous  very  serious  objections.  In  the  first 
place,  the  figures  for  minimum  caloric  requirement  were  obtained 
by  the  method  of  averaging  a  given  number  of  observations,  which 
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method  gives  a  very  misleading  result  whenever  individual  variation 
plays  much  part.  The  caloric  requirement  even  of  normal  babies 
has  been  shown  to  be  very  variable.  This  variation  is  still  more 
extreme  in  sick  babies,  or  with  babies  in  poor  condition.  Moreover, 
caloric  requirement  varies  on  account  of  a  number  of  other  factors, 
such  as  the  surface  area,  and  the  activity  of  the  baby.  Finally,  and 
most  important  of  all,  the  nutrition  of  the  baby  depends  upon  the 
quantity  of  food  assimilated,  not  upon  the  quantity  ingested,  and  the 
net  caloric  value  of  the  food  cannot  be  estimated.  In  babies  with 
deficient  power  of  digestion,  less  food  is  absorbed  and  utilized,  and 
indigestion  does  more  harm  in  preventing  a  child  from  thriving  than 
anything  else.  Babies  cannot  be  fed  as  a  class  on  a  caloric  basis, 
because  the  variation  in  their  power  of  digesting  and  absorbing  food 
is  too  great.  Clinical  experience  has  shown  the  widest  extremes, 
some  babies  gaining  weight  on  a  caloric  intake  far  below  the  so- 
called  TTiinimiim,  and  others  failing  to  gain  on  a  caloric  intake  far 
in  excess. 

Digestive  Requirement.— In  choosing  an  artificial  food  for  a 
baby,  our  first  aim  must  always  be  to  give  the  baby  a  food  suited 
to  its  power  of  digestion.  Our  principal  difficulty  is  in  meeting 
variation  in  digestive  power.  We  are  also  confronted  by  a  varia- 
tion in  caloric  requirement.  Consequently  we  must  assume  that  every 
baby  has  digestive  and  caloric  requirements  such  that  some  partic- 
ular combination  of  the  food  elements  in  milk,  modified  in  some 
particular  way,  will  be  the  best  food  for  that  baby.  Our  problem 
is  to  find  that  combination,  or  at  least,  if  not  the  best  combination, 
one  that  will  be  suitable.  To  solve  this  problem,  we  must  consider 
first  all  the  chemical  difficulties  in  digesting  cow's  milk,  and  the 
methods  of  milk  modification  which  have  been  devised  to  solve  these 
difficulties. 

Of  course  the  great  majority  of  babies  have  not  such  defective 
powers  of  digestion  as  call  for  any  special  measures.  For  such  babies, 
certain  general  rules  for  the  modification  of  cow's  milk  in  the  prepa- 
ration of  their  food,  can  be  stated.  The  difficult  cases  call  for  all 
our  knowledge,  and  all  our  resources. 

Value  of  Caloric  Estimation. — To  estimate  the  caloric  value 
of  an  infant's  food,  and  to  compare  it  with  the  theorerical  minimum 
caloric  requirement,  is  a  procedure  which  is  often  useful  in  the  con- 
duct of  a  case  where  artificial  feeding  is  employed.  Sometimes,  for 
instance,  we  may  be  in  doubt  whether  failure  to  gain  in  weight  is 
due  to  defective  digestion  and  assimilation,  or  to  insufficient  food 
ingestion.  In  such  a  case,  caloric  estimation  may  be  a  great  help. 
Always,  however,  the  calculation  of  calories  should  be  used  as  a 
check,  not  as  our  principal  guide. 


of  the  percentage  of  the  various  elements:  fat,  protein,  lactose,  maltose, 
or  starch,  etc.  contained  in  these  mixtures.  Even  when  a  baby  is  fed 
on  a  simple  dilution  of  cow's  milk,  the  record  is  made  in  terms  of 
the  percentage  of  fat,  lactose,  and  protein  contained  therein. 

The  advantage  of  such  a  system  of  record  is  that  it  gives  a  common 
terminology  in  infant  feeding,  and  a  common  basis  by  which  various 
methods  of  modifying  milk  may  be  compared,  both  as  to  theory, 
and  as  to  practical  results.  A  physician  may  feed  a  baby,  for  ex- 
ample, on  a  mixture  of  milk  and  barley  water,  and  change  the  food 
from  time  to  time  by  gradually  increasing  the  milk  and  diminishing 
the  barley  water.  If  he  thinks  of  his  food  in  terms  of  the  relative 
ounces  of  milk  and  barley  water,  he  has  no  way  of  comparing  his 
method  of  modifying  milk  with  other  methods;  and,  if  he  publishes 
his  results,  they  will  have  no  value  to  other  physicians  until  they 
have  estimated  just  What  quantity  of  the  various  food  elements  the 
baby  was  getting  in  that  food.  To  advance  in  our  knowledge  of 
infant  feeding,  we  must  be  able  to  compare  our  results  one  with 
another,  and  must  also  be  able  to  compare  our  work  with  the  pub- 
lished work  of  others.  Such  a  comparison  necessitates  a  common 
basis,  a  universal  manner  of  record.  It  is  the  tolerance  or  intol- 
erance of  the  infant  for  the  various  food  elements,  which  is  the  final 
result  in  infant  feeding.  Therefore  we  must  know  the  amount  of 
each  food  element  given,  as  recorded  in  percentage  form. 

As  record  in  terms  of  percentages  became  customary,  physicians 
naturally  came  to  think  of  foods  as  combinations  of  percentages  of 
the  essential  elements,  rather  than  in  terms  of  mixtures  of  ingredi- 
ents. The  essential  thing  in  choosing  a  food  for  an  infant  is  to 
arrange  the  quantity  and  kind  of  fat,  sugar,  and  protein  in  such  a 
way  as  to  meet  the  d^estive  and  nutritive  requirements  of  the 
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other  words,  we  must  know  exactly  how  each  method  of  modifying 
affects  the  composition  of  cow's  milk,  what  effect  such  modification 
of  the  composition  has  on  the  infant's  digestion  and  assimilation, 
and  how  the  milk  is  fitted  to  meet  individual  variation.  The  fol- 
lowing is  a  summary  of  the  present  state  of  our  knowledge  of  milk 
modification. 

MILK  AND  CREAM  DILUTION  WITH  THE  ADDITION 
OF  LACTOSE. — This  is  the  method  of  modifying  cow's  milk  to 
which  the  term  percentage  modification  was  first  applied.  The  origin 
of  this  method  was  an  effort  to  produce  a  cow's  milk  mixture,  the 
composition  of  which  would  approach  as  closely  as  possible  to  that 
of  human  milk.  The  chief  difference  between  human  milk  and  cow's 
milk  is  that  the  latter  has  a  higher  proportion  of  protein  as  com- 
pared with  fat.  In  cream  the  protein  is  lower  in  proportion  to  the 
fat,  and  if  cream  be  diluted,  the  proportion  found  in  human  milk  may 
be  imitated.  For  example,  the  j>ercentage  formula  of  an  average 
human  milk  is — 

FaE4,oo  I..actose  7 . oo  Protein  1.50 
and  of  an  average  cow's  milk  is 

Fat  4.00  Lactose  4.50  Protein  3.50 
A  cream  can  be  obtained  which  has  an  approximate  formula  of — 

Fat  8,00      Lactose  4.00      Protein  3.00 

If  this  be  diluted  one-half  with  water,  the  resulting  mixture  has  a 
composition  of — 


If  now  sufficient  dry  lactose  be  added  to  this  mixture  to  make  a  5% 
solution,  the  resulting  mixture  will  have  a  formula  of — 

Fat  4.00      Lactose  7,00      Protein  1.50 

which  is  that  of  an  average  human  milk. 

It  must  not  be  supposed  that  the  above  figures  are  absolutely 
accurate.  They  are  given  only  as  an  example  of  how  the  composi- 
tion of  cow's  milk  may  be  altered,  by  dilution  and  the  addition  of 
lactose,  to  imitate  human  milk.  The  actual  modification  would 
involve  certain  fractions,  which  have  been  omitted. 

The  modification  of  cow's  milk  to  imitate  an  average  human  milk 
by  no  means  solved  the  problem  of  infant  feeding.  Certain  fesential 
chemical  differences  remained,  such  as  the  composition  of  the  fats 
and  mineral  salts,  and  the  relative  proportion  of  soluble  protein  and  " 
casein.  Moreover,  the  imitation  of  an  average  human  milk  did  not 
meet  the  important  factor  of  individual  variation  in  digestive  powers 
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and  requirements.  In  this  method,  of  dilution  with  the  addition 
of  lactose,  we  are  by  no  means  confined  to  the  imitation  of  an 
average  human  milk.  By  diluting  creams  of  various  fat  percent- 
ages we  m^y  alter  at  will  the  proportion  of  fat  to  protein.  By 
diluting  skimmed  milk  we  may  alter  at  will  the  percentage  of  protein 
without  affecting  the  fat.  By  adding  varying  amounts  of  dry  lac- 
tose, we  may  alter  at  will  the  percentage  of  lactose.  Thus,  by  this 
method  of  diluting  in  various  proportions  milks  of  various  fat  per- 
centages, with  the  use  of  dry  milk  sugar,  we  may  alter  at  will  the 
percentage  of  fat,  lactose,  and  protein  in  our  food,  within  very 
wide  limits. 

There  are  certain  limits  to  the  variety  of  percentage  combinations 
which  we  can  obtain.  Any  percentage  of  fat  whatever  is  possible. 
The  minimum  protein  depends  upon  how  strong  a  cream  we  can 
obtain.  A  cream  of  higher  fat  percentage  can  be  obtained  by  cen- 
trifugal separadon  than  by  gravity  separation,  and  the  former  would 
give  a  lower  minimum  protein.  The  maximum  protein  is  3,50,  the 
jHircentage  in  undiluted  milk.  The  maximum  lactose  percentage  has 
no  limit,  but  the  minimum  varies  with  the  percentage  of  protein, 
as  all  milk  and  cream  contains  lactose.  The  following  table  shows 
the  practical  limits  of  milk  modification,  by  this  method,  with  home 
and  laboratory  modification,  assuming  that  16  per  cent  is  the  highest 
fat  obtainable  in  cream  by  the  gravity  method. 


n  Prattin,  with  Varying 


T PEBCENTAGE 


n  Lactase,  mth  Varying 


N  PERCENTAGE 


can  be  varied  at  will,  is  fundamental  in  infant  feeding,  and  is  the 
basis  of  all  efforts  to  solve  any  given  problem. 

MODIFICATION  WITH  STARCH.— The  value  of  using  some 
cooked  cereal  preparation  as  a  diluent  in  cow's  milk  modification 
has  long  been  recognized.  When  a  solution  of  starch,  such  as  is  found 
in  diluents  like  barley  water,  is  present  in  a  cow's  milk  modifica- 
tion, the  curd  formed  by  the  precipitation  of  the  casein  in  the  normal 
process  of  digestion,  is  more  finely  divided,  and  is  easier  of  digestion. 
The  action  of  the  starch  in  preventing  the  formation  of  large  casein 
curds  is  not  chemical,  but  mechanical,  due  to  the  colloidal  nature  of 
the  starch  solution. 

If  the  starch  possesses  this  colloidal  action,  there  must  be  some 
minimum  quantity  of  starch  necessary  to  produce  it.  This  quantity 
is  that  necessary  to  give  a  sufficient  concentration  of  the  starch  solu- 
tion, and  it  must  therefore  be  proportioned  to  the  total  quantity  of 
the  food  mixture.  The  minimum  quantity  necessary  to  obtain  in 
full  the  colloidal  action  of  the  starch,  is  .75  per  cent. 

It  must  be  remembered  that  starch  is  a  readily  fermentable  carbo- 
hydrate, and  that  if  it  is  not  split  by  the  amylolytic  action  of  the 
pancreatic  secretion,  it  will  ferment.  Babies  vary  in  their  power  of 
digesting  and  absorbing  starch.  It  is  not  known  at  just  what  age 
the  amylolytic  function  develops,  as  this  is  probably  very  variable. 
The  power  of  starch  digestion  may  be  present  at  birth,  or  may  develop 
at  some  subsequent  period.  It  is  usually  established  at  six  months. 
Starch  indigestion  and  fermentation  is  more  likely  to  occur  in  younger 
babies. 

MODIFICATION  WITH  ALKALIES.— The  original  basis  for 
the  use  of  alkalies  in  cow's  milk  modification  was  a  further  attempt 
to  imitate  the  composition  of  human  milk.  It  was  believed  at  that 
time  that,  cow's  milk  being  acid  and  human  milk  alkaline,  the  addi- 
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tion  to  cow's  milk  mixtures  of  5  per  cent  lime  water  would  cause  them 
to  resemble  human  milk  in  alkalinity.  It  has  since  been  learned  that 
human  milk  is  not  alkaline  but  amphoteric,  and  that  the  addition  of 
lime  water  to  cow's  milk  does  not  cause  it  to  resemble  human  milk 
in  reaction.  In  the  meanwhile,  however,  cUnical  evidence  had  been 
accumulating,  which  was  strongly  in  favor  of  the  value  of  lime  water 
in  certain  cases  of  difficult  digestion. 

A  theoretical  explanation  of  the  value  of  lime  water  was  sought  in 
the  fact  that  many  cases  of  disturbed  digestion  are  accompanied  by 
symptoms  suggesting  acidity,  such  as  "  sour  stomach,"  and  acid  stools. 
There  is  no  experimental  evidence  in  support  of  the  theory  that  the 
alkalies  act  by  neutralizing  the  products  of  acid  fermentation,  although 
such  action  is  quite  possible,  and  may  explain  some  cases  in  which 
benefit  is  clinically  quite  evident. 

The  only  positive  and  scientific  data  which  we  have,  on  which  to 
base  our  use  of  the  alkaUes  in  infant  feeding,  is  to  be  found  in  the 
work  of  Hamburger  and  Slicka,  who  published  the  results  of  an  ex- 
tended study  on  the  action  of  the  alkalies  in  gastric  digestion.  The 
truth  of  their  conclusions  has  been  confirmed  by  subsequent  investi- 
gators. They  have  shown  that  the  alkalies  combine  chemically  with 
the  casein  of  cow's  milk,  and  that  as  a  result  of  such  chemical  union, 
the  precipitation  of  the  casein  by  the  rennin  and  acid  of  the  stomach, 
is  delayed,  and  the  character  of  the  curd  is  altered.  The  curd,  when 
thus  modified,  is  easier  of  digestion  by  the  gastric  juice.  Further- 
more, if  sufficient  alkah  be  present,  the  acid  of  the  gastric  juice  is  so 
neutralized,  that  the  precipitation  of  the  casein  is  entirely  prevented. 
On  this  basis,  our  indication  for  the  use  of  the  alkalies  is  when  we  wish 
to  delay  curd  formation  with  modification  of  the  curd,  or  to  prevent 
it  entirely. 

If  the  alkalies  have  this  action,  there  must  be  some  definite  quan- 
tity of  alkali  which  gives  the  action  at  its  best.  As  the  action  of  the 
alkali  is  a  chemical  one,  the  alkah  entering  into  actual  chemical  union 
with  the  casein,  this  optimum  quantity  of  alkali  must  be  in  .direct 
proportion  to  the  quantity  of  casein,  with  which  the  alkali  combines. 
As  milk  and  cream  both  contain  casein,  and  are  assumed  for  practical 
purposes  to  contain  the  same  percentage  of  casein,  the  quantity  of 
casein  in  a  cow's  milk  modification  varies  directly  with  the  quantity 
of  milk  and  cream  in  the  mixture.  The  optimum  quantity  of  alkali, 
that  needed  to  produce  the  desired  result,  is,  therefore,  expressed  as 
a  percentage  of  the  quantity  of  milk  and  cream  used  in  the  prepara- 
tion of  the  food. 

The  quantities  of  alkali  which  produce  the  various  results  which 
we  must  have  in  view  when  using  the  alkalies  on  this  basis  have  been 
satisfactorily  determined  by  experiment,  and  are  shown  in  the  table. 


Table  29 
Quantity  of  A  Ikaii  Exfresstd  in  Terms  of  Per  Cent  of  Ike  UUli  and  Crtam 

TO  PREVENT 

07  THE  CASEIN 

1   70% 


As  far  as  the  different  alkalies,  lime  water,  sodium  bicarbonate, 
and  sodium  citrate  are  concerned,  all  three  have  the  same  general 
action.  They  differ  one  from  another  only  in  the  character  of  the 
casein  curd  formed  under  their  influence.  With  one  alkali  the  curd 
is  more  porous,  with  another  more  gelatinous,  and  so  forth.  Clin- 
ically, certain  individual  cases  are  found  in  which  some  one  of  the 
alkalies  works  best,  but  there  is  no  guide  as  to  which  we  shall  choose. 
This  work  on  the  alkalies  is  the  only  definite  basis  for  their  use  estab- 
lished by  experimental  evidence.  In  the  majority  of  cases  our  use 
of  the  alkalies  should  be  upon  this  basis.  We  should  order  alkali  with 
a  definite  purpose,  to  produce  a  known  result,  in  the  quantity  which  best 
accomplishes  our  purpose,  and  which  is  expressed  in  per  cent  of  the  milk 
and  cream  in  the  mixture. 

There  is  another  basis  for  the  use  of  the  alkalies,  not  definitely 
established  by  experimental  evidence,  but  suggested  by  clinical 
results.  The  work  of  Hamburger  and  Slicka  is  confined  solely  to 
the  action  of  the  alkalies  in  gastric  digestion.  Clinical  evidence 
suggests  that  the  alkalies  may  have  some  influence  after  the  food 
leaves  the  stomach,  possibly  by  neutralizing  the  acid  products  of 
excessive  carbohydrate  fermentation  in  the  intestine.  While  such 
influence  is  not  proven,  it  is  sufficiently  possible  to  warrant  the  use 
of  alkali  on  this  basis.  In  such  a  case,  however,  the  physician  should 
have  a  definite  reason  for  using  alkali.  The  amount  of  alkali  used 
on  this  basis  is  not  to  be  proportioned  to  the  milk  and  cream,  for  the 
theoretical  action  of  the  alkali  involves  no  chemical  union  with  the 
casein.  We  do  not  know  the  amount  of  alkali  necessary  to  neutralize 
excessive  acid  fermentation.  All  we  can  do  is  to  order  alkali  in  large 
excess.  In  the  case  of  lime  water,  such  an  excess  would  be  expressed 
as  about  25%  of  the  total  mixture. 

PEPTONIZATION.— Cow's  milk  modifications  may  be  peptonized 
through  the  agency  of  a  pancreatic  extract  obtained  from  an  animal. 
The  object  is  to  effect  a  pre-digestion  of  the  protein,  which  is  con- 
verted into  peptone  by  the  active  ferment  trypsin.  The  amount  of 
peptone  formed  varies  with  the  duration  of  the  process.  If  milk  is 
peptonized  for  ten  minutes,  only  a  part  of  the  protein  is  converted 
into  peptone,  and  the  milk  is  not  altered  in  taste.  If  milk  is  pepton- 
ized for  twenty  minutes,  most  of  the  protein  is  converted,  and  the 
mixture  has  a  bitter  taste.    Peptonization  represents  one  method  of 


whey  be  used  as  a  diluent  instead  of  water.  Whey 
it,  and  no  casein,  but  only  lactose  and  whey  protein, 
of  whey  be  considered  as  approximately — 

I.a<:tose  s  Whey  protnn  t .  oo  Casein  o 

e  used  as  the  diluent,  and  if  one-half  of  the  mixture 
ive  added  to  our  mixture  with  the  whey  the  following — 

Lactose  i .  so  Wh^  protein    .  50  Casein  o 

ether  the  percentages  obtained  by  diluting  our  cream 
nd  making  up  the  remaining  three-quarters  with  whey 
r  one-quarter,'  we  have  to  add  together — 


Lactose  3.50  Whey  protein    ,65  Casein  .60 

add  enough  lactose  to  raise  the  total  sugar  percentage 

Lactose  7.00  Whey  protein    .65  Casein  .60 

:ar  from  the  formula  of  himian  milk. 

given  above  are  not  accurate,  but  are  given  as  an 
e  method  by  which  the  relative  proportions  of  whey 
sein  may  be  altered  by  the  use  of  whey  as  a  diluent. 
3od  of  modifying  cow's  milk,  we  are  not  con&ned  to 
)f  an  average  human  milk.    By  using  various  propor- 

or  milk  and  whey,  we  can  obtain  various  proportions 
rotein,  and  casein,  and  are  thus  provided  with  a  great 
centage  combinations,  fitted  to  cope  with  the  factor 
'ariation  in  digestive  powers  and  requirements, 
rtain  limits  to  the  percentage  combinations  obtainable 

whey.  The  percentage  of  whey  protein  in  whey  is 
cent,  and  a  whey  mixture  cannot  have  a  whey  protein 
ch  higher  than  this.  The  low  limit  of  casein  is  deter- 
amoimt  of  fat  required.    In  general,  .90  per  cent  is 

upper  limit  for  the  whey  protein,  and  .50  per  cent 
hmit  in  home  modification,  while  in  laboratory  feeding 
igal  cream  used  as  a  basis,  the  casein  may  be  reduced 
per  cent. 

remembered  that  the  primary  object  of  whey  modifi- 
luce  the  casein  in  the  food  without  reducing  the  total 
an  use  a  food  of  high  nitrogen  content,  without  im- 
den  on  digestion  which  the  high  casein  of  cow's  milk 
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would  otherwise  involve.  It  must  further  be  remembered,  however, 
that  such  modification  would  only  be  useful  in  cases  in  which  the 
casein  is  the  cause  of  digestive  trouble.  Also,  the  minimum  lactose 
obtainable  with  whey  mixtures  is  much  higher  than  with  ordinary 
milk  and  cream  dilution,  because  the  whey  used  as  a  diluent  in 
place  of  boiled  water  has  a  high  lactose  content.  The  high  per- 
centage of  the  mineral  salts  of  cow's  milk,  which  is  ordinarily  reduced 
by  the  dilution  of  milk  and  cream,  is  not  reduced  in  whey  mixtiures, 
as  whey  contains  a  high  mineral  content.  In  cases  where  lactose, 
or  the  high  salt  content  of  cow's  milk  might  be  the  cause  of  trouble, 
whey  mixtures  would  do  harm.  On  the  other  hand,  the  spUt  pro- 
tein method  is  the  best  theoretical  method  of  dealing  with  casein 
intolerance,  as  it  is  the  method  used  by  Nature  as  exemplified  in 
human  milk. 

MODIFICATION  BY  THE  ADDITION  OF  SOLUBLE  CAR- 
BOHYDRATES OTHER  THAN  LACTOSE.— The  majority  of 
cow's  milk  modifications  require  the  addition  of  a  certain  quantity 
of  lactose,  because  the  lactose  content  of  cow's  milk  b  low  in  com- 
parison with  human  milk,  and  is  often  still  further  lowered  by  dilu- 
tion. The  substitution  of  some  other  form  of  soluble  carbohydrate 
for  this  extra  lactose,  did  not  originally  spring  from  the  results  of 
any  scientific  investigation  of  the  infantile  digestion  and  metaboUsm, 
but  was  adopted  upon  purely  empirical  grounds.  Indeed,  this 
method  of  modifying  cow's  milk  owes  its  adoption  to  the  marked 
success  sometimes  seen  in  an  individual  case,  attending  the  use  of 
some  patent  baby  food.  It  sometimes  happened,  that  a  baby  fed 
most  carefully  on  scientific  principles,  with  every  kind  of  milk  modi- 
fication suggested  by  our  knowledge  of  the  subject  of  artificial  feed- 
ing, woidd  fail  to  thrive;  finally  the  mother,  caught  by  the  lure  of 
some  advertisement,  or  by  the  suggestion  of  a  friend  or  neighbor, 
would  try  some  patent  baby  food,  with  the  most  startling  success. 
Such  cases,  of  course,  did  not  mean  that  the  patent  food  was  a  better 
food  for  babies  than  all  the  resources  of  scientific  feeding,  but  that 
it  embodied  some  principle  in  the  modification  of  cow's  milk  which 
was  suited  to  the  digestive  peculiarities  of  that  individual  baby.  It 
is  the  aim  of  scientific  artificial  feeding  to  contain  in  its  stock  of 
weapons  every  principle  which  may  bring  success  in  an  individual 
case.  It  therefore  became  necessary  to  study  the  principles  involved 
in  the  various  patent  foods.  This  study  showed  that  most  of  the 
patent  foods  are  mainly  carbohydrate  preparations,  and  that  their 
essential  feature  is  that  they  contain  other  carbohydrates  than  lac- 
tose, such  as  maltose,  dextrine,  dextrose,  or  cane  sugar.  Therefore 
it  was  obvious  that  there  were  babies  whose  individual  peculiarities 
made  them  better  fitted  to  utilize  these  other  carbohydrates,  and 


example,  is  split  into  dextrose  and  galactose,  saccharose  is  split 
into  dextrose  and  levulose,  while  maltose  is  spUt  into  dextrose  and 
dextrose.  These  monosaccharides  differ  in  the  readiness  with  which 
they  are  absorbed,  and  in  the  readiness  with  which  they  undergo 
bacterial  fermentation.  Dextrose  is  the  substance  most  easily  ab- 
sorbed, and  is,  moreover,  the  only  sugar  which  can  be  immediately 
utilized  for  energy  production,  without  undergoing  the  process  of 
glycogen-storing  in  the  liver.  Galactose  and  levulose,  on  the  other 
hand,  while  less  easily  utilizable  for  energy  production,  are  much 
more  readily  fermentable.  In  any  case,  therefore,  in  which  there 
was  diiSculty  in  digesting  and  absorbing  sugar,  or  in  which  there 
was  difficulty  in  obtaining  from  other  food  elements,  such  as  the 
fat,  a  sufficient  supply  of  fuel  for  energy  production,  maltose  would 
be  the  preferable  sugar.  This  explains  the  good  results  often  seen 
when  maltose  is  used  in  cases  of  severe  atrophy. 

On  the  other  hand,  Nature  does  not  provide  for  the  infant  the 
easily  utilized  maltose,  but  the  more  fermentable  lactose.  There 
must  be  a  reason  for  this.  Kendall  has  shown  that  the  normal  bac- 
terial processes  in  the  infant's  intestine  are  those  of  carbohydrate 
fermentation,  and  that  a  sufficient  supply  of  fermentable  carbohy- 
drate must  remain  behind  in  the  intestine,  in  order  to  maintain  the 
normal  character  of  the  intestinal  flora.  It  is  probably  for  this  pur- 
pose that  lactose  is  provided  by  Nature,  and  under  this  theory,  lactose 
would  be  preferable  to  maltose  in  babies  whose  powers  of  digestion 
and  assimilation  showed  no  very  wide  deviations  from  the  normal, 
or  in  babies  whose  digestive  disturbances  are  traceable  to  abnormal 
bacterial  processes. 

This  explanation,  while  not  conclusively  proven,  is  sufficiently 
satisfactory  to  serve  as  a  basis  for  our  choice  of  carbohydrate  in  feed- 
ing, and  there  is  no  other.  Our  choice  must  be  made  upon  this  basis, 
or  else  empirically  without  any  other  guide  than  clinical  experience, 
which  is  very  deceptive. 

MODIFICATION  WITH  THE  LACTIC  ACID  FERMENT.— 
This  method  of  modifying  milk  originated  from  the  same  idea  as  gave 
us  the  use  of  starch,  the  alkalies,  the  split  protein,  and  peptonization, 
namely  the  difficulty  in  digesting  the  large  tough  casein  curds  which 
are  formed  from  cow's  milk  during  the  process  of  gastric  digestion. 


casein  is  in  a  nneiy  aiviaea  torm,  wtucn  is  prooaoiy  easy  ot  aigesuos 
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in  the  majority  of  cases.  The  use  of  precipitated  casein  does  not 
show  very  much  difference  in  its  probable  effect,  from  the  use  of  lactic 
acid  milk.  Only,  the  possible  benefit  from  the  anti-putrefactive 
properties  of  lactic  acid  milk,  is  not  to  be  expected  with  precipitated 
casein. 

THE  COOKING  OF  COW'S  MILK  MIXTURES.— The  effect 
of  the  cooking  of  cow's  milk  on  the  digestibility  of  the  milk  has  never 
been  determined.  There  is  some  evidence  that  cooking  makes  milk 
more  digestible,  other  evidence  that  it  makes  it  lessso.  Cooking  pro- 
duces certain  changes  in  the  chemistry  of  the  milk  which  are  known, 
but  the  relation  of  these  changes  to  digestion  has  never  been  estabb'shed, 
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It  is  known  that  cooking  coagulates  the  lactalbumin,  precipitates 
some  of  the  mineral  salts,  and  produces  certain  chemical  changes  in 
the  casein.  These  changes  make  the  casein  less  coagulable,  and  the 
curd  formed  with  rennet  is  softer  and  finer  than  in  raw  milk.  On 
the  other  hand,  the  casein  curd  is  less  readily  acted  on  by  the  proteoly- 
tic ferments  of  gastric  digestion.  It  is  probable  that  in  some  cases, 
cooking  has  a  favorable  effect.  The  best  established  favorable  action 
of  cooking,  is  that  seen  in  cases  in  which  large  casein  curds  are  found 
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That  each  of  the  two  principles  combined  in  albumin  milk  is  of 
great  value  in  certain  cases,  is  undoubtedly  true.  That  there  are 
cases  in  which  a  combination  of  these  two  principles,  as  realized  in 
albumin  milk,  is  the  best  method  of  feeding,  is  also  probable.  There- 
fore these  principles,  and  their  combination,  must  have  a  place  in 
artificial  feeding,  among  our  stock  of  resources.  What  is  the  exact 
indication  for  their  use  remains  to  be  determined. 

It  must  be  remembered  that  albumin  milk  being  so'  widely  spoken 
of  as  a  food,  or  method  of  feeding,  there  is  danger  of  its  coming  to 
be  regarded  as  an  ideal  baby  food,  as  a  food  or  method  of  feeding  of 
superior  value  for  babies  in  general,  and  not  as  a  resource  to  be  used 
in  special  cases.  If  we  are  to  judge  by  the  precedents  of  other  widely 
advertised  methods  of  feeding,  there  is  danger  that  the  general  or 
indiscriminate  use  of  albumin  milk  may  do  harm  in  the  future.  This 
danger  is  now  heightened  by  the  fact  that  in  Europe  Finkelstein's 
albumin  milk  is  a  secret,  patent  preparation,  sold  by  a  manufacturing 
company  in  sealed  cans,  and  advertised  as  a  baby  food.  The  same 
company,  or  its  branch,  has  introduced  its  sale  into  this  country. 
It  is  true  that  we  know  enough  about  the  composition  of  albumin  milk 
to  order  its  preparation  in  our  homes  and  hospitals,  without  resorting 
to  the  patented  form.  Is  it  not  better,  however,  in  using  and  study- 
ing albumin  milk,  to  consider  chiefly  the  two  main  features  in  its 
composition,  and  to  order  them  separately,  or  in  combination?  We 
are  not  confined  to  making  albumin  milk  according  to  the  original 
formula,  but  may  combine  lactic  acid  milk  with  precipitated  casein 
in  any  proportions  we  see  fit.  We  can  thus  use  albumin  milk,  while 
avoiding  the  name,  and  will  not  be  perpetuating  the  idea  of  its  superior 
value  as  a  baby  food.  We  can  extend  our  investigations  as  to  its 
value,  by  combining  its  principles  with  varying  amounts  of  different 
sugars,  and  of  fat.  Like  all  other  methods  which  have  given  clinical 
evidence  of  good  results,  albumin  milk  or  the  principle  it  embodies, 
will  probably  in  the  end  occupy  its  definite  and  particular  place  among 
our  stock  of  resources. 

MALT  SOUP  MODIFICATION  OF  COW'S  MILK.— This  modi- 
fication of  cow's  milk  was  introduced  by  Keller,  as  a  food  to  be  used 
in  cases  of  difficult  feeding.  Wheat  flour  is  cooked  in  the  milk,  and 
then  malt  extract  is  added,  and  the  whole  is  heated  for  about  five 
minutes.  This  food  has  given  clinical  evidence  that  in  certain  diffi- 
cult feeding  cases,  it  gives  better  results  than  ordinary  modifications. 
It  must  therefore  receive  a  place  among  our  stock  of  methods  of 
modifying  cow's  milk. 

Malt  soup  is  rich  in  carbohydrate,  Keller  believed  that  through 
its  use,  less  protein  was  lost  by  intestinal  fermentation,  but  this  has 
never  been  definitely  proved.    Malt  soup  is  essentially  a  combination 
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to  use  every  method.    Therefore  no  method  of  prepari 
fications  can  be  considered  which  does  not  fulfil  thi: 

THE  PATENT  FOODS.— There  are  a  number  of 
foods  on  the  market,  which  embody  principles  known 
in  artificial  feeding.  Their  use  has  given  repeated  cli 
of  the  special  value  of  some  one  of  them  in  certain  in< 
We  know  that  their  good  results  come  from  the  partic 
such  as  change  of  carbohydrate,  which  they  exemplif; 
that  their  use  as  foods  for  babies  in  general  would  n 
feeding  problem,  and  most  of  us  have  seen  how  grea 
done  by  their  indiscriminate  employment.  The  quest 
we  not  justified  in  using  the  patent  foods,  not  indiscr 
as  general  baby  foods,  but  intelligently,  in  a  particular 
we  believe  that  just  the  particular  modification  exen" 
patent  food,  is  indicated.  Used  thus  intelligently,  i 
that  the  patent  food  would  do  no  harm,and  it  may  be 
venient  means  of  realizing  the  particular  feeding  resoi 
wish  to  employ. 

I  do  not  believe  we  are  justified  in  thus  using  the 
Whatever  their  value  in  individual  cases,  the  fact 
they  are  advertised,  and  sold  as  general  baby  foods 
they  are  thus  advertised,  their  use  cannot  but  help 
the  idea  that  they  are  baby  foods  of  superior  valu 
should  avoid  perpetuating  this  harmful  idea.  Every 
bodied  in  them  can  be  realized  without  their  use.  If  ' 
dextri-maltose,  it  is  better  to  use  some  preparation  ad\ 
as  a  specially  pure  form  of  dextri-maltose,  than  a  pr 
taining  the  same  dextri-maltose  but  advertised  as  a  b 

MILK  LABORATORIES.— The  object  of  the  mill 
to  afford  to  the  physician  a  means  of  utilizing  every  1 
of  milk  modification  employed  in  infant  feeding.  In 
of  scientific  rational  medicine  physicians  all  over  the  i 
first,  means  of  saving  time,  and  second,  exact  methods  i 
in  themselves  soon  become  time-savers.  In  every  bra 
the  tendency  is  growing  year  by  year  to  systematize  th 
laborious  work  of  the  individual  for  the  common  pract 
profession  at  large.  The  two  chief  advantages  of  t 
ratory  are,  first,  the  saving  of  time  for  the  physiciai 
exactness  in  the  composition  of  the  foods  prepared 
The  physician's  time  is  saved  because,  thinking  of  his 
of  the  percentages  of  the  various  food  elements  whicl 
give,  he  does  not  have  to  calculate  the  various  comb 
gredients  which  will  give  the  required  food  compositio 
to  nurse  or  mother  detailed  directions  for  the  prepf 
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cream  dipper,  and  put  into  the  graduate.  The  excess  of  cream  in  the 
graduate  is  poured  oS,  leaving  in  the  graduate  only  the  quantity  of 
cream  required  by  the  formula.*  This  is  then  placed  in  the  pitcher. 
The  skimmed  milk  remaining  in  the  milk  jar  is  mixed  by  shaking, 
and  the  quantity  required  is  measured  off  In  the  graduate,  and  added 
to  the  pitcher.  When  cool,  the  boiled  water  and  lactose  are  poured 
into  the  pitcher.  The  quantities  to  be  given  at  each  feeding  are 
measured  oS  in  the  graduate,  and  placed  in  the  feeding  bottles.    The 
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bottles  are  stoppered,  and  are  then  pasteurized,  if  pasteurization  is 
to  be  used.  (See  technique  of  pasteurization,  p.  274.)  The  bottles 
are  finally  placed  on  ice,  until  used,  when  each  bottle  is  warmed  and 
given  to  the  baby. 

THE  CALCULATION  OF  HOME  MODIFICATION 

The  physician  using  home  modification,  thinks  of  the  food  he 
wishes  to  give  in  the  general  terminology  of  the  percentages  of  its 
component  elements.  He  must  be  able  to  translate  this  percentage 
formula  into  definite  directions  for  obtaining  and  mixing  certain 
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Average  Camposilian  of  Ike  if  ilk  Ingredietds  Used  in  Home  Modification 

FAT  LACTOSE        PROTEIN 


Whe^-, 


3.6s 


The  ingredients  used  are  the  following: — 

1,  Gravity  cream,  which  is  obtained  by  taking  off  with  a  cream 
dipper  from  a  quart  jar  of  milk  all  the  cream  which  rises  after  eight 
or  more  hours'  standing. 

2.  Skimmed  milk,  which  is  the  milk  left  in  the  jar  after  all  the 
cream  has  been  removed. 

3-  Dry  milk  sugar. 

For  purposes  of  calculation,  we  assume  the  following  composition 
for  these  ingredients: 

»AT  LACTOSE        FSOTEIN 

Gravity  cream 16.00  4.50  3.10 

Skimmed  milk 0.00  4.50  3.30 

Dry  lactose 0,00       100.00  0.00 

The  calculation  is  based  on  a  fundamental  mathematical  propor> 
tion,  by  which  all  problems  in  dilution  may  be  solved.  The  pro- 
portion is  as  follows: 

The  quantity  of  an  ingredient  : 
The  total  quantity  of  the  mixture  = 
The  per  cent  of  any  element  in  the  ingredient: 
The  per  cent  of  that  element  in  the  mixture. 
If  this  is  expressed  in  algebraic  terms,^- 
Let  X  represent  the  ounces  of  the  ingredient  (ounces  required). 
Let  a  represent  the  total  ounces  of  food  desired. 
Let  m  represent  the  per  cent  of  any  element  in  the  mixture  (per 

cent  required). 
Let  »  represent  the  per  cent  of  that  element  in  the  ingredient  (16% 
for  fat;  3.20%  for  protein;  4.50%  for  lactose). 
Then    x:a  =  m  -.n 


The  ounces  of  an  ingredient  required  to  give  a  certain  percentage 
is  found  by  dividing  the  percentage  required  by  the  percentage  of  the 
element  in  the  ingredient,  and  mulliplying  by  the  total  number  of  ounces 
in  the  mixture.  Or  the  percentage  required  may  first  be  multiplied 
by  the  total  number  of  ounces  in  the  mixture,  and  then  divided  by 
the  per  cent  of  the  element  in  the  ingredient. 
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There  are  two  ways  of  varying  the  relation  of  protein  to  fat  per- 
centage. We  may  choose  for  dilution  creams  of  different  fat  per- 
centages, each  having  a  different  proportion  of  protein  to  fat.  Or 
we  may  choose  for  dilution  a  cream  of  maximum  fat  percentage, 
having  the  lowest  proportion  of  protein  to  fat,  and  may  then  vary 
the  percentage  of  protein  by  adding  varying  amounts  of  fat-free 
fskimmed)  milk.  The  former  way  has  the  advantage  that  the  mother 
or  nurse  is  required  to  work  with  fewer  ingredients,  but  the  latter 
way  is  preferable.  Creams  of  different  fat  percentages  are  obtained 
by  taking  from  the  top  of  the  milk  a  various  number  of  ounces  after 
a  various  number  of  hours'  standing.  In  home  modification,  there 
is  always  an  error,  due  to  the  variations  in  cow's  milk,  so  that  our 
ingredients  never  represent  the  exact  percentages  which  we  assume 
to  be  their  composition.  The  mosl  essential  thing  in  home  modifica- 
tion is,  not  that  the  food  shall  contain  the  exact  percentages  that 
we  wish,  but  rather,  when  we  change  the  food,  that  the  new  food 
shall  bear  an  exact  relation  to  the  old  one.  If  we  are  constantly 
changing  our  method  of  obtaining  our  ingredients,  this  unknown 
initial  error  comes  in  all  over  again  with  each  change  of  food.  If 
we  work  with  two  constant  ingredients,  always  obtained  in  the  same 
way,  the  error  is  constant,  and  no  new  error  is  introduced.  Fur- 
thermore, it  has  been  found  that  the  gravity  cream  obtained  by  the 
method  described  of  removing  all  the  cream  down  to  the  cream  line, 
is  more  apt  to  be  close  to  the  assumed  fat  percentage,  and  is  less 
subject  to  variations,  than  creams  of  other  fat  percentages  obtained 
in  different  ways.  Another  advantage  of  using  the  ingredients  de- 
scribed here,  is  that  they  are  constant,  and  the  directions  for  obtain- 
ing the  ingredients  when  once  given  to  the  mother  or  nurse,  hold 
for  all  formulae  in  milk  and  cream  dilution,  and  do  not  have  to  be 
changed  or  repeated  when  the  composition  of  the  food  is  changed. 
The  Calculation  of  Starch. — Barley  water  is  the  usual  ingre- 
dient used  to  modify  cow's  milk  with  a  solution  of  starch.  The 
percentage  of  starch  in  barley  water  varies  according  to  the  manner 
in  which  the  barley  water  is  made.  Barley  water  made  according 
to  the  directions  accompanying  most  of  the  barley  flour  prepara- 
tions on  the  market,  contains  about  1.50  per  cent  of  starch.  As  the 
minimum  percentage  of  starch  required  in  a  milk  modification  to 
^give  at  its  best  the  colloidal  action  of  the  starch  is  .75  per  cent,  it  is 
obvious  that  if  a  barley  water  containing  1.50  per  cent  of  starch  be 
used  as  the  ingredient,  half  the  mixture  must  be  barley  water.  As  a 
protein  of  1.60  per  cent  requires  half  the  mixture  to  be  milk  and 
cream,  we  cannot  have  half  our  mixture  barley  water  with  a  pro- 
tein percentage  higher  than  1.60.  As  we  frequently  wish  to  order 
a  higher  protein  than  this,  it  is  better  to  use  as  our  stock  ingredient 
a  barley  water  having  a  starch  percentage  of  3. 


or  fine  cheese  cloth.    Then  heat  the  whey  to  150°  F.  to  kill  the 
active  rennin. 
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about  body  temperature  (ioo°  F.),  and  let  stand  until  the  casein 
has  coagulated.  Strain  off  the  whey  through  muslin.  The  curd  is 
now  rubbed  through  a  fine  wire  sieve.  During  the  process  small 
quantities  of  water  are  added  to  the  casein  in  the  sieve.  When  all 
the  casein  has  gone  through,  enough  more  water  is  added  to  bring 
the  quantity  of  the  casein  suspension  up  to  lo  ounces.  This  forms 
the  stock  precipitated  casein  solution. 

The  calculation  is  made  as  follows: — It  has  been  found  that  the 
quantity  of  casein  obtained  in  this  way  from  a  quart  is  2.60  per 
cent  of  the  quart.  Ten  ounces  is  very  little  less  than  one-third  of 
a  quart,  and  therefore  the  percentage  of  casein  in  the  lo-ounce  stock 
solution  is  represented  by  2.60  X  3  or  7.8  per  cent,  which  for  pur- 
poses of  calculation  is  considered  to  be  8  per  cent.  If  the  stock 
solution  contains  8  per  cent  of  precipitated  casein,  the  calculation 
for  obtaining  any  desired  percentage  of  precipitated  casein  in  any 
mixture  is  as  follows: — ■ 

Divide  the  percentage  of  precipitated  casein  required  by  8,  and 
multiply  by  the  total  number  of  ounces  in  the  mixture.  This  gives 
the  number  of  ounces  of  the  stock  solution  to  be  used. 


CooiUNG  Milk  Mixtures. — This  procedure  requires  no  specific 
directions  in  home  modification.  The  food  is  simply  brought  to  a 
boil.    It  is  best  to  use  a  double  boiler. 

HouoGENiZED  MiLK. — This  very  recent  method  of  modifying  milk 
is  not  available  at  present  in  home  modification.  It  is  necessary 
to  resort  to  a  hospital  or  laboratory  possessing  a  homogenizer. 

Malt  Soup. — The  proportions  are  one  ounce  (by  weight)  of  wheat 
flour  to  ten  ounces*  of  mi.k.  The  fiour  is  rubbed  smooth  with  cold 
milk,  and  the  milk  and  flour  are  cooked  for  twenty  minutes,  and 
then  allowed  to  cool.  In  another  vessel  three  ounces  of  one  of  the 
thick  malt  extracts  are  dissolved,  with  15  grains  of  potassium  car- 
bonate, in  20  ounces  of  lukewarm  water.  This  is  added  to  the  milk 
and  fiour,  and  the  mixture  is  kept  warm  for  a  few  minutes,  and  then 
boiled  for  five  minutes.    After  cooUng  it  is  ready  for  use. 

This  mixture  has  an  approximate  percentage  formula  of 

Fat  1.30  I.actose  1.50  Maltose  7.50  Protein  i.oo 

There  is  also  an  amount  of  starch  which  is  very  variable,  as  some 
of  the  starch  is  dextrinized  by  the  malt  extract  during  heating. 

The  essential  features  of  malt  soup  being  the  cooking  of  the  fiour 
with  the  milk  and  the  warming  with  malt  extract,  any  milk  modifi- 
cation of  known  composition  may  be  treated  in  this  way. 

Albomtn  Milk;  Protein  Milk;  Eiweiss  Milch. — Precipitated 
casein  is  obtained  by  the  method  described  under  that  heading, 
The  amount  of  water  added  is  up  to  one  pint  instead  of  10  ounces. 
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tures  have  to  be  reduced  to  a  formula  representing  the  composition 
of  the  food  in  percentages  of  the  principal  food  elements. 

To  reduce  mixtures  to  their  percentage  formulae  requires  that  we 
shall  know  the  composition  of  each  ingredient  used.  Many  of  the 
ingredients  met  with  are  creams  of  different  fat  percentages,  or  whole 
milk,  or  whey.  We  can  only  judge  the  fat  percentage  of  a  cream  or 
milk  used,  by  ascertaining  the  procedure  employed  by  the  mother 
or  nurse  in  obtaining  these  ingredients.  The  percentage  of  fat  in 
a  cream  or  "top  milt"  varies  with  the  number  of  ounces  removed 
from  the  top  of  the  jar. 

The  following  table  shows  the  average  composition  as  expressed 
in  percentages,  of  top  milks  obtained  in  various  ways,  and  of  the 
other  ingredients  most  commonly  met  with  in  the  history  of  cases 
of  artificial  feeding. 

Table  32 
Percentage  CompotUion  oj  Variom  InpedUnts  Used  in  Preparing  Food  for  Infanls. 


NVUBEK  OF  OUNCES 
TAKEN  PKOM  QUABT 

4(orlesa) 

6  (or  all  the  cream) . . 


Other  Milks  and  Creaks' 


miolemilk 

Skimmed  milk... , 

Sepaiated  cream 

SqHirated  fat-free  milk 

\Vhey 

Commercial  butteimilk 

Fat-free  lactic  add  milk 

Whole  lactic  acid  milk 

Albumin  milk 

Malt  soup  with  whole  nulk. . 
Condensed  milk 


CAKBOOYDRATE       PROTEIN 


Other  Ingredients 


Dry  carbohydrate. . 

Malt  extract 

Bariey  water 


CAKBOKVDKATE       PROTEIN 


At  times  some  one  of  the  widely  advertised  infant  foods  has  been 
used  in  the  prenous  feeding  of  a  baby.  These  foods  are  mainly  carbo- 
hydrate, though  some  of  them  have  evaporated  or  condensed  milk  as  a 
basis,  which  gives  them  a  considerable  fat  and  protein  content.  The 
composition  of  condensed  milk  appears  in  the  table  of  ingredients. 
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Of  the  54.94  per  cent  of  carbohydrate  contained  in  condensed  milk, 
42.91  per  cent  is  cane  sugar,  and  12.03  P^''  '^^^^  i^  ™^  sugar.  Most 
of  the  other  infant  foods  are  in  dry  form.  Their  composition  is 
shown  in  the  following  table,  taken  from  Holt. 

Tabix  33 
Tkt  Composilion  of  the  Injant-foods.    (.Holt) 


eskay's  halted  wdge's 


Fat 

.     SSo 

o.n 

1.16 

8.78 

I   II 

1.04 

7. 45 

Protdn 

.   14.34 

11-50 

5.81 

16-35 

II. 81 

14,00 

10.  as 

Dextrose 

Lactose  (milk  sugar) 

.     6'S7 

}S3.46 

O.S3 

0-4S 

Maltose 

;}*7.36 

/6o'.8i) 
\19.M 

49. 'S 

Dextrins 

•4  35 

18,80 

liaS 

i'38 

Total  soluble  carbo- 

hydrates   

■   58.93 

Ro.oo 

67.81 

67.9s 

1.80 

1.80 

»7.o8 

Insoluble  carbohy- 

drates (starch) .... 

-   »S39 

76.21 

73 -54 

37.37 

Inoi^nic  salts 

.     1.03 

3  59 

1.30 

3  86 

0.49 

039 

44* 

MoUlure 

.     3.8i 

4-73 

i.TO 

3.06 

8.58 

9  23 

3.41 

The  calculation  of  the  percentages  in  the  mixture  given  to  the 
baby  from  the  known  composition  of  the  ingredients,  is  made  from 
the  same  proportion  as  was  used  in  home  modification — 


In  this  case,  the  imknown  quantity  is  m,  its  value  being  expressed  by 


Divide  the  number  of  ounces  of  the  ingredient  used  by  the  number 
of  ounces  in  the  mixture,  and  multiply  by  the  percentage  of  any 
element  in  the  ingredient.  This  is  repeated  for  each  food  element, 
and  for  each  ingredient. 

For  example,  a  mother  is  preparing  her  food  as  follows: — She 
takes  the  upper  11  ounces  from  a  quart  of  milk,  and  mixes  as  follows: 

Cream,  8  ounces 

Skimmed  milk,  lo  ounces 

Dextri- maltose,   4  tablespoons 

The  total  mixture  is  40  oimces,  and,  as  will  be  seen  by  reference  to 
table  32,  the  cream  is  10  per  cent  fat. 
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mally  in  weight,  even  when  digestive  symptoms  are  present.  The 
third  object  is  to  develop  the  digestive  powers  of  the  infant. 

Conditions  of  the  Problem. — The  difficulties  encountered  in 
attaining  these  objects  are  due  mainly  to  the  variation  in  the  diges- 
tive powers  and  nutritive  requirements  of  different  babies.  To  meet 
these  difficulties  we  are  provided  with  the  various  methods  of  modi- 
fying cow's  milk  which  constitute  our  stock  of  weapons.  The  prob- 
lem is  to  choose  our  methods  so  as  to  attain  the  desired  object.  Suc- 
cess depends  on  our  knowledge  of  the  tools  to  be  employed,  of  the 
principles  underlying  their  use,  and  the  skill  with  which  we  choose 
among  them. 

Feeding  a  baby  is  always  an  experiment.  The  artificial  feeding 
of  infants  is  not,  and  never  will  be,  an  exact  science.  We  know  at 
the  start,  only  that  the  baby  must  be  fed  on  some  combination  of 
fats,  carbohydrates  and  protein.  We  know  that  this  food  must  be 
given  in  proper  amotmts,  and  at  proper  intervals.  We  know  that 
.  the  milk  supply  used  must  be  as  clean  as  possible.  We  must  decide 
whether  or  not  the  milk  is  to  be  pasteurized  or  sterilized,  and  whether 
we  shall  employ  a  milk-laboratory  or  home  modification. 

The  principles  which  guide  us  in  the  decision  as  to  these  two  last 
points  have  already  been  described.  The  principles  underlying  the 
decision  as  to  the  quantity  of  food  to  be  given  each  twenty-four 
hours,  and  as  to  the  feeding  intervab  are  comparatively  simple. 
The  principal  problem  is  to  choose  the  composition  of  the  food. 

GENERAL  CONDUCT  OF  A  CASE  OF  ARTIFICIAL  FEED- 
ING.— The  various  steps  taken  in  carrying  on  a  case  of  artificial 
feeding  are  the  following: 

1.  A  careful  history  of  the  case  is  obtained.  Such  a  history  should 
include  the  entire  past  feeding  of  the  child;  if  bottle  feeding  has  been 
used,  the  composition  of  each  food  should  be  translated  into  per- 
centages. The  regularity,  intervals,  and  amounts  of  feeding  should 
be  inquired  into.  The  reaction  of  the  child  to  each  food  used  should 
be  ascertained.  In  particular,  such  questions  as  to  whether  or  not 
the  child  gained  In  weight,  whether  or  not  it  seemed  satisfied  or 
himgry,  whether  or  not  the  bowels  moved  properly,  should  be  recorded 
in  detail.  All  the  possible  symptoms  of  indigestion,  such  as  vomit- 
ing, regurgitation,  sour  eructation,  colic,  excoriated  buttocks,  should 
be  inquired  into.  The  daily  number,  and  character  of  the  bowel 
movements  should  be  ascertained.  From  such  a  history  may  often 
be  deduced  important  facts  as  to  the  digestive  idiosyncrasy  of  the 
baby. 

2.  The  initial  food,  on  which  the  baby  is  to  be  started,  is  now 
chosen.  The  basis  of  choice  is  any  deductions  which  have  been 
made  from  the  past  history,  together  with  the  knowledge  and  experi- 
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inaeaniteiy,  out  snouia  suii  cnange  me  composuion  oi  me  looa 
from  time  to  time,  with  the  idea  of  increasing  the  burden  laid  upon 
the  infant's  digestive  powers,  without  overburdening  them.  This  is 
done,  because  one  of  the  principal  objects  to  be  kept  in  view  in 
artificial  feeding,  is  the  strengthening  of  the  infant's  digestive  power. 
Any  function  deteriorates  when  not  exercised.  In  general,  it  is 
always  best  within  certain  limits  to  work  a  baby  up  to  taking  a  food 
of  as  strong  a  composition  as  it  can  digest. 

6.  The  various  changes  made  in  the  composition  of  the  food  should 
be  carried  out  in  such  a  way  as  to  enable  the  physician  to  leam  as 
much  as  possible  about  the  digestive  peculiarities  of  the  baby.  It 
is  often  best  to  change  the  quantity  of  just  one  food  element  at  a 
time,  in  order  to  draw  conclusions  as  to  the  baby's  power  of  digest- 
ing each  one. 

THE  PEEDING  OP  NORMAL  INFANTS 

There  is  no  such  thing  as  a  normal  infant  with  digestive  powers 
and  nutritive  requirements  which  conform  to  any  standard.  What 
is  meant  by  a  normal  infant,  is  a  baby  who  has  previously  had 
no  symptoms  of  indigestion.  Babies  who  have  been  previously 
breast-fed,  without  signs  of  indigestion,  or  babies  in  whom  bottle 
feeding  has  failed  to  reveal  any  weakness  of  digestive  power,  or 
babies  who  are  artificially  fed  from  birth,  are  considered  normal, 
when  the  first  choice  of  artificial  food  is  made.  They  continue  to 
be  considered  normal  when  the  first  artificial  food  chosen  causes  no 
disturObnce.  In  such  a  case,  after  having  decided  as  to  home  or 
laboratory  modification,  and  as  to  pasteurization,  we  must  decide 


Feeding  of  Normal  Infants 


325 


important  part.  Also,  the  standard  for  breast-fed  babies  is  not 
applicable  to  the  artificially  fed,  who  are  taking  a  food  less  ideally 
suited  to  their  needs.  In  general,  in  determining  the  quantities  to 
be  given  in  each  bottle  feeding,  the  figures  on  gastric  capacity  based 
on  post-mortem  measurements,  should  be  taken  as  a  minimum,  and 
those  based  on  the  quantities  taken  by  breast-fed  babies,  should  be 
taken  as  a  maximum. 

Some  rule  is  necessary  as  a  guide  in  beginning  artificial  feeding. 
The  important  factors  are  the  twenty-four  hour  quantity,  and  the 
intervals  between  feedings.  The  quantities  given  in  table  34  have 
been  based  on  all  the  various  forms  of  evidence  on  the  subject.  They 
tend  to  represent  minimum,  rather  than  maximum,  quantities. 

THE  INTERVALS  BETWEEN  FEEDINGS.— Artificial  feeding 
does  not  require  any  different  arrangement  of  the  feeding  intervals 
than  that  of  breast  feeding.  The  subject  of  the  feeding  intervals 
has  been  already  discussed.    They  are  shown  in  the  table — 

Table  34 

Quantities  and  Internals  for  Heailky  Babies  of  Avfrage  Devtlapmenl 
NDHBEK 


First  week 

i  weeks- 1  maath.. 
tilths.. 


t-  3  months. i 

3-  4  montlis 80: 

4-  s  months 70. 

5-  6  months ,  6 

6-  7  months t 

7-  8  months 6 

8-  9  months t 


^nths.. 
1  months.. 


-8i. 


IN 

INTEB- 

3-18  oz 

i-.ihoura 

1  houre 

24-31  01. 

i)  hours 

28-36  oz 

al  hours 

3  hours 

33-36  (U 

3  hours 

,Moo. 

3  hours 

3  hours 

3  hours 

48-52  oz 

4S-S0  oz 

3  hours 

The  table  is  not  intended  for  arbitrary  or  literal  application,  but 
rather  as  a  general  guide.  For  this  reason  alternatives  in  arranging 
the  quantities  and  intervals  have  been  omitted,  in  order  to  make 
the  table  as  simple  as  possible.  In  general,  the  intervals  of  feeding, 
and  the  quantities  to  be  given  at  a  single  feeding  should  be  considered 
as  minimum  figures.  In  other  words,  the  change  from  2-1/2  to 
3-hour  intervals,  and  the  omitting  of  the  night  feeding,  may  often 
be  advantageously  made  at  ages  earlier  than  those  given  in  the 
table.  When  this  is  done,  the  amount  given  in  the  24  hours  should 
be  kept  constant,  and  the  quantity  given  at  a  single  feeding  should 
be  proportionately  increased. 
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For  example,  a.  baby  in  the  second  month  b  to  be  artificially  fed. 
The  table  gives  lo  feedings  of  a  or  2-1/2  oz.  each  at  2-hour  inter- 
vals, with  one  night  feeding  as  the  proper  routine.  At  any  age 
the  night  feeding  should  be  omitted  as  soon  as  possible.  If  the 
night  feeding  can  be  omitted,  the  baby  will  have  nine  feedings  of 
2-1/3  oz.  each,  which  will  give  him  22-1/2  oz.  in  24  hours,  which 
comes  within  the  limits  of  the  quantity  he  should  take  in  24  hours. 
Often  at  this  age,  2-1/2  hour  intervals  are  better.  If  the  baby  is 
fed  at  2-1/2  hour  intervals  with  a  night  feeding,  he  will  get  8  feeding, 
of  2-1/2  oz.,  and  20  ounces  in  24  hours,  and  if  he  does  not  need  a 
night  feeding,  he  will  get  7  feedings,  only  17-1/2  oz.  in  24  hours. 
In  such  a  case  the  quantity  given  at  a  single  feeding  should  be  raised 
to  3  oz. 

PERCENTAGE  FORMULAE  FOR  STARTING  AVERAGE 
WELL  BABIES.— In  choosing  the  food  with  which  to  start  artificial 
feeding,  three  main  principles  should  be  kept  in  mind. 

1.  The  feeding  of  normal  infants  does  not  require  any  of  the  more 
complicated  methods  of  cow's  milk  modification.  The  first  method, 
of  milk  and  cream  dilution,  with  the  addition  of  lactose,  usually 
suffices.  The  whey  modification,  however,  may  often  be  advan- 
tageously used  in  starting  newborn  or  very  young  babies. 

2.  The  general  relation  between  the  quantities  of  fat,  carbohy- 
drate, and  protein,  should  be  based  on  the  relation  found  in  human 
milk.  This  means  that  the  food  element  having  the  highest  per- 
centage in  the  formula  should  be  the  carbohydrate,  with  the  fat  next, 
and  protein  last.  The  percentage  of  fat  should  never  exceed  4%,  and 
in  home  modification,  to  allow  for  error,  3-50%  is  a  safer  limit.  The 
carbohydrate  should  never  exceed  7%  in  well  babies,  nor  in  sick  babies 
except  under  the  most  exceptional  circumstances.  The  protein  should 
not  exceed  3.50%. 

3.  It  is  better  to  begin  with  a  comparatively  weak  food,  which 
will  probably  be  digested  by  the  infant,  even  if  such  a  food  does 
not  meet  the  caloric  needs  of  the  infant.  It  is  easy  to  work  up  from 
a  weak  food  to  a  strong  one,  if  necessary.  When  indigestion  has 
once  been  produced,  it  is  not  so  easy  to  find  the  right  combination. 
Infants  of  the  same  age  show  such  variation  in  their  power  of  digest- 
ing cow's  milk,  that  if  we  want  the  food  to  produce  no  symptoms, 
it  is  better  to  begin  with  a  minimum. 

The  table  shows  the  percentage  formulae  with  which  artificial 
feeding  may  be  begun  at  different  ages. 

In  the  table  the  unmodified  protein  and  split  protein  are  alter- 
natives. Some  very  young  babies  will  take  a  spUt  protein  better 
than  an  unmodified  protein.  The  probabiUty  of  advantage  b  not 
great  enough  to  make  the  more  troublesome  preparation  of  a  split 
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Table  35 
FormiUaefor  Slarling  Artificial  Feeding 


FiiBt  food  (after 

birth) 

1  week-i  month.  . , 
I-  1  months  . .  . 
t-  4  months  . . . 
4-  6  months  . . . 
6-  8  months  .  . . 


protein  formula  actually  indicated  in  these  young  babies.  In  borne 
modification  the  minimum  casein  is  not  so  low  as  in  laboratory  mod- 
fication,  and  I  usually  do  not  order  the  split  protein  in  young  babies 
when  home  modification  is  to  be  employed.  In  laboratory  feeding, 
I  usually  begin  babies  under  two  months  with  the  split  protein, 
and  then  gradually  increase  the  casein  and  diminish  the  whey  pro- 
tein, until  the  composition  of  unmodified  protein  is  reached. 

In  babies  over  the  age  of  six  months,  I  usually  add  starch  to  the 
modification.  At  this  age,  babies  require  a  comparatively  high  per- 
centage of  protein,  and  they  can  usually  digest  starch.  Therefore, 
there  is  no  reason  why  the  favorable  colloidal  action  of  the  starch 
should  not  be  taken  advantage  of.  The  appearance  of  the  teeth 
at  about  the  age  of  six  months  is  Nature's  sign  that  the  time  is-  ap- 
-  preaching  for  some  other  food  beside  milk.  The  next  addition  to 
the  infant's  diet  is  naturally  to  be  starch. 

The  reason  that  the  percentage  of  lactose  is  diminished  in  the 
formulae  given  for  babies  in  the  last  four  months  of  the  first  year, 
is  that  at  this  age  one  is  beginning  to  work  up  the  food  of  the  baby 
from  modified  milk  to  whole  milk.  This  is  done  by  increasing  the 
protein  and  diminishing  the  carbohydrate,  and  babies  at  this  age 
are  started  on  slightly  diminished  carbohydrate  in  preparation  for 
whole  milk. 

Table  35  does  not  represent  the  strength  of  the  food  which  should 
be  taken  by  average  well  babies  at  the  different  ages,  but  only  the 
formulae  for  starting  them  with  safety.  If  these  initial  formulae  cause 
any  symptoms  of  indigestion,  such  babies  are  no  longer  considered 
normal,  and  the  future  management  of  artificial  feeding  comes  imder 
the  treatment  of  disturbances  of  digestion.  If  the  initial  formula 
does  not  cause  symptoms,  we  should  not  rest  content,  even  if  the 
baby  is  gaining  in  weight,  but  should  increase  the  strength  of  the 
food.  The  limit  of  such  increase  is  the  digestive  power  of  the  infant. 
But  one  does  not  wish  to  pass  this  limit  and  produce  symptoms  of 
indigestion.  The  limit  is  unknown.  There  are,  however,  certain 
formulae  which  can  usually  be  taken  by  the  average  well  baby,  on 
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which  the  baby  would  have  been  started  if  we  had  not  wished  to  be 
on  the  safe  side  in  beginning  artificial  feeding. 

PERCENTAGE  FORMULAE  FOR  FEEDING  AVERAGE 
WELL  BABIES.— This  Uble  represents  the  strength  of  the  food 
which  we  should  try  to  give  to  average  well  babies,  after  artificial 
feeding  has  been  successfully  started. 

Table  36 

Formutae  far  the  Fetding  of  Arerage  WtU  Babies 

AGE  FAT  LACTOSE       PROTEIN       STASCH 

I  week-i  month 2.0a 

I-  i  months 3,00 

X-  4  months 3 ,  50 

4-  6  months 4 .  00 

6-  8  months 4.00 

8-10  months 4.00  6.00  3,00  1.50 

10-13  months Whole  milk  with  cereaf  jelly. 

INCREASING  THE  STRENGTH  OF  THE  FOOD.— The  indi- 
cations for  increasing  the  strength  of  the  food  are  three,  i.  If  the 
baby,  being  free  from  symptoms  of  indigestion,  is  not  gaining,  the 
strength  of  the  food  should  be  increased,  provided  that  the  micro- 
chemical  examination  of  the  stools  does  not  show  an  excessive  amount 
of  fat.  If  the  stools  show  excessive  fat  elimination,  the  baby  cannot 
be  considered  an  average  normal  infant,  and  the  management  of 
such  a  case  is  guided  by  the  principles  described  under  disturbances 
of  digestion.  2.  If  the  baby  is  gaining,  but  if  the  strength  of  the 
food  is  below  that  usually  taken  by  an  average  baby  of  that  age, 
the  strength  of  the  food  should  be  increased.  3.  If  the  baby,  already 
taking  a  food  of  as  great  strength  as  is  usually  taken  by  a  baby  of 
that  age,  shows  signs  of  himger,  but  no  signs  of  indigestion,  increase 
is  indicated. 

In  well  babies,  when  increase  in  the  strength  of  the  milk  modi- 
fication is  indicated,  it  should  be  gradual.  It  is  not  necessary,  how- 
ever, to  increase  only  one  of  the  food  elements  at  a  time.  A  slight 
increase,  such  as  for  example,  an  increase  of  .50  per  cent  in  the  fat 
and  sugar,  and  .25  per  cent  in  the  protein,  may  be  made  in  all  three 
food  elements.  If  indigestion  develops,  there  is  always  the  previous 
food  to  fall  back  upon. 

Between  the  eighth  and  the  twelfth  months,  the  changes  in  the 
composition  of  the  food  are  made  with  the  express  purpose  of  accus- 
toming the  baby  to  taking  whole  milk  instead  of  modified  milk. 
The  percentages  of  the  food  elements  should  be  gradually  altered  in 
such  a  way  as  to  approach  those  in  whole  milk.  For  example,  if  a 
baby  ten  months  old  is  taking  a  food  having  a  composition  of — 
Fat  3.50  Lactose  7  Protein  1.50 
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the  change  should  be  somewhat  as  follows: — 

I.  Fat  4  Lactose  6,50  Protein  1.00 

I.  Fat  4  Lactose  6.00  Proteb  1.50 

3.  Pat  4  Lactose  5.50  Protein  3.0a 

4.  Whole  milk 

When  a  baby  goes  onto  whole  milk,  the  milk  sugar  usually  has  to 
be  reduced  in  greater  proportion  than  the  protein  is  increased.  This 
is  compensated  for  by  introducing  starch  into  the  food,  or  by  adding 
some  cereal  to  the  diet. 

In  strengthening  the  food  of  well  babies  who  are  gaining  satis- 
factorily in  weight,  the  changes  need  not  be  made  oftener  than  once 
a  week.  They  are  continued  until  the  baby  is  satisfied,  or  reaches 
a  food  of  full  strength  for  his  age.  If  the  food  is  being  strength- 
ened because  the  baby  is  not  gaining,  the  changes  should  be  raade 
more  frequently,  twice  a  week  or  every  three  days. 

THE  FEEDING  OF  INFANTS  HAVING  DIFFICULTIES  OF  DIGESTION. 

To  this  group  belong  infants  who  have  previously  shown  symptoms 
of  indigestion,  and  tnlants  in  whom  the  management  of  the  feeding 
as  recommended  for  normal  infants  reveals  some  abnormality  of 
digestive  power.  In  such  cases  the  choice  of  food  is  much  more 
difhcult,  and  there  is  a  demand  for  a  wider  use  of  the  resources  of 
milk  modification.  The  various  digestive  disturbances  which  may 
arise  in  the  course  of  artificial  feeding  are  described  and  discussed 
in  detail  in  the  division  on  diseases  of  the  gastro-enteric  tract.  Cer- 
tain general  principles  of  treatment  having  a  definite  relation  to  the 
various  methods  of  cow's  milk  modification,  may,  however,  be  ad- 
vantageously discussed  here. 

CAUSES  OF  DIGESTIVE  DISTURBANCE.— The  manifesta- 
tions of  difficulty  in  digestion  in  an  infant  are  due  to  a  lack  of  bal- 
ance between  the  digestive  power  of  the  infant  and  the  composition 
of  its  food.  The  food  contains  fat,  carbohydrate  and  protein,  and 
the  digestive  idiosyncrasy  of  the  infant  is  usually  manifested  against 
one  or  more  of  these  food  elements.  In  certain  cases,  the  quantity 
of  food  as  a  whole  may  be  too  great  for  the  infant's  digestion.  Dis- 
turbances of  digestion,  therefore,  are  ultimately  traced  to  fat,  car- 
bohydrate, or  protein,  or  to  overfeeding  as  a  whole. 

SYMPTOMS  OF  DIGESTIVE  DISTURBANCE.— Various  symp- 
toms manifest  themselves  when  digestion  is  abnormal.  Among  the 
most  important  are  vomiting,  colic,  sour  eructation,  irritated  but- 
tocks, constipation,  diarrhea,  abnormal  stools,  and  failure  to  gain  in 
weight. 

DIAGNOSIS.  —  It  is  often  difficult  or  impossible  to  know  from 
the   symptoms   what  is    the   cause  of   the  trouble.    If  we  could 
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In  feeding  a  case  of  this  type,  try  first  a  food  with  a  fat  percentage 
of  zero.    For  example,  a  formula  containing — 

Fat  o  Dextii-maltose  6  Proteid  i .  50 

If  the  vomiting  is  relieved,  it  is  a  case  of  fat  indigestion.  If  vomit- 
ing is  not  relieved,  it  is  either  a  case  of  protein  indigestion  or  of 
habitual  vomiting  from  irritable  stomach.  In  young  babies,  who 
have  not  a  long  history  of  vomiting,  it  is  more  apt  to  be  due  to 
casein.  Even  with  habitual  vomiting  which  may  originally  have 
been  caused  by  fat  or  carbohydrate  indigestion,  the  precipitating 
cause  is  usually  the  casein.  The  various  methods  of  milk  modifica- 
tion influencing  protein  digestion  should  be  tried  one  after  the  other, 
in  the  following  order: 

1.  A  split  protein  formula,  such  as,  fat  i,  lactose  6,  whey 

protein  .90,  casein  .25. 

2.  The  same  with  Ume  water  50%  of  the  milk  and  cream. 

3.  Some  other  alkali,  such  as  sodium  citrate.    For  example, 

fat  I,  lactose  6,  protein  1.50,  sodium  citrate  .4.0%  of 
the  milk  and  cream. 

4.  Lactic  add  milk. 

In  making  experimental  changes  in  any  case  of  artificial  feeding, 
the  changes  should  not  be  made  oftener  than  every  three  days,  unless 
some  change  produces  immediately  new  symptoms  of  indigestion. 

Some  cases  will  do  well  with  small  quantities  at  shorter  inter- 
vals. If  all  these  measures  fail,  the  case  is  of  the  obstinate,  resis- 
tant type. 

As  additional  measures  in  cases  with  vomiting  as  the  chief  symp- 
tom, daily  gastric  lavage  is  of  great  value.  I  have  seen  a  few  cases 
of  this  type  relieved  by  the  passage  of  the  duodenal  catheter,  la 
cases  in  which  there  is  vomiting  of  large  curds  immediately  after 
nursing,  the  alkalies  often  act  as  a  specific. 

Undigested  Movements.— This  clinical  type  is  usually  due  either 
to  fat,  or  to  protein.  The  examination  of  the  stools  is  of  the  greatest 
diagnostic  value  in  these  cases.  If  the  stools  show  excessive  fat,  the 
treatment  is  that  of  fat  indigestion;  the  baby  may  be  started  on  a 
formula  contaiiung — 

Fato  DmUi-maltose  6  Protein  2.00 

and  carried  on  according  to  the  principles  described  under  indiges- 
tion from  fat.  If  the  stools  do  not  show  an  excess  of  fat,  the  various 
methods  of  influencing  protein  digestion  may  be  tried  in  the  follow- 
ing order: 

I.  The  use  of  starch.    Fat  2,  lactose  6,  protein  1.50.     Starch 
■75  may  be  given. 
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indigestioii  cannot  be  relieved  at  all,  or  can  be  relieved  only  by  the 
use  of  a  food  the  composition  of  which  is  not  of  sufficient  strength 
to  fulfil  the  nutritive  requirements  of  the  infant.  Nevertheless  in 
such  a  case  it  may  be  possible  to  find  a  combination  of  food  elements 
on  which  the  infant  will  gain  in  spite  of  the  symptoms.  Under  these 
circumstances  the  efforts  of  the  physician  to  reUeve  the  symptoms 
should  not  involve  changes  in  the  composition  of  the  food,  but  should 
be  confined  to  those  methods  of  milk  modification  which  aim  at 
making  the  cow's  milk. more  digestible.  At  some  period  in  the 
course  of  every  resistant  feeding  case,  it  is  well  to  try  a  compara- 
tively strong  formula  without  reference  to  the  clinical  symptoms. 
This  will  sometimes  save  time  that  would  otherwise  be  wasted  in 
the  effort  to  render  the  infant  symptom-free. 


The  subject  of  difficult  artificial  feeding  has  been  discussed  from 
the  point  of  view  of  the  cUnical  symptoms,  with  suggestions  as  to 
the  methods  employed  in  meeting  the  difficulties  encountered.  It 
is  often  convenient  to  consider  the  subject  in  the  opposite  order, 
from  the  point  of  view  of  methods  of  modification,  with  suggestions 
as  to  the  clinical  indications  and  contraindications  for  each.  Such 
a  summary  is  given  here,  in  the  hope  that  it  may  prove  of  service 
to  physicians,  in  their  employment  of  the  resources  used  in  artifi- 
cial feeding. 

The  following  are  the  indications  and  contraindications  for  the 
various  methods  of  modifying  cow's  milk. 

1 .  Milk  and  Ckeam  Dilution  with  the  Addition  of  Lactose. — 
This  is  the  fundamental  method  of  varying  the  quantities  of  the 
three  food  elements.  It  is  indicated  in  all  cases  in  which  some  special 
method,  such  as  split  protein  or  lactic  acid  milk,  is  not  indicated. 
It  is  the  basis  of  the  feeding  of  normal  infants,  and  of  cases  of  fat 
or  carbohydrate  indigestion. 

2.  Starch. — Starch  may  be  advantageously  introduced  as  a  rou- 
tine into  the  food  of  well  infants  in  the  second  six  months.  The 
exact  age  when  starch  feeding  should  be  begun,  cannot  definitely 
be  stated.  It  is  best  not  to  use  it  as  a  routine  before  the  age  of 
six  months. 

With  sick  infants,  starch  is  theoretically  indicated  only  in  cases 
of  protein  indigestion.  It  is  the  method  of  first  choice  in  dealing 
with  protein  indigestion  in  the  latter  half  of  the  first  year.  It  is 
more  valuable  in  the  tyiae  of  protein  indigestion  characterized  by 
undigested  movements,  than  in  the  form  characterized  by  vomiting. 

When  fat  or  carbohydrate  indigestion  is  the  fundamental  condition 
present,  there  is  usually  need  to  give  more  protein.    Starch  is  often 
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protein  to  compensate  for  deficiency  in  the  power  of  assimilating 
fat  or  carbohydrate.  In  young  babies,  the  increased  casein  is  apt 
to  cause  vomiting.  The  whey  mixtures  enable  us  to  increase  the 
protein  without  increasing  the  casein. 

In  cases  of  persistent  vomiting  from  gastric  irritability  at  any 
age,  the  split  protein  combined  with  alkali  should  be  the  first  meas- 
ure chosen. 

The  split  protein  has  given  no  evidence  of  having  any  value  in 
those  types  of  indigestion  characterized  by  undigested  movements, 
or  by  the  absence  of  symptoms  other  than  loss  of  weight. 

There  are  two  important  contraindications  for  the  use  of  the  split 
protein.  These  are,  first,  acute  diarrheas,  and  second,  that  type 
of  indigestion  characterized  by  green  or  discolored  movements. 
Clinical  experience  has  shown  repeatedly  that  these  conditions  fare 
badly  when  fed  with  whey  mixtures.  In  both  conditions,  any  ten- 
dency toward  intestinal  fermentation  appears  to  be  increased,  pos- 
sibly because  the  soluble  protein  is  a  favorable  culture  medium,  or 
because  of  the  high  lactose  and  salt  content  of  the  whey.  The 
explanation  is  not  clear. 

6.  The  Cabbohydeate. — Lactose  is  indicated  as  the  extra  carbo- 
hydrate to  be  added  to  milk  modifications  in  normal  babies,  and  in 
all  cases  with  comparatively  slight  disturbance  of  digestion.  It  is 
indicated  in  infectious  diarrhea  due  to  the  bacillus  of  dysentery, 
and  in  the  form  of  acute  diarrhea  due  to  abnormal  intestinal  fer- 
mentation, with  protein  decomposition  and  toxic  symptoms.  It 
should  be  used  in  all  cases  in  which  there  is  no  indication  for  maltose. 

Maltose  is  indicated  in  very  difficult  feeding  cases,  and  in 
severe  cases  of  malnutrition  and  atrophy.  It  is  part  of  the  routine 
in  the  treatment  of  chronic  indigestion  from  fat.  Carbohydrate  in- 
digestion is  most  frequently  seen  in  cases  fed  on  lactose  or  on  cane 
sugar;  in  such  cases,  maltose  is  indicated.  In  some  cases,  carbohy- 
drate indigestion  develops  in  babies  fed  on  maltose,  usually  in  exces- 
sive quantity.  In  such  cases,  changing  the  carbohydrate  to  lactose 
is  usually  beneficial. 

7.  Lactic  Acid  Milk. — This  is  indicated  as  a  therapeutic  meas- 
ure in  two  forms  of  diarrhea,  —  infectious  diarrhea  due  to  the  gas 
bacillus,  and  acute  diarrhea  with  toxic  symptoms  due  to  intestinal 
putrefaction. 

As  a  feeding  method,  lactic  acid  milk  is  a  valuable  resource  in 
certain  difficult  types.  It  should  be  tried  in  cases  of  fat  indiges- 
tion, when  the  usual  treatment  with  low  fat,  high  protein,  and  mal- 
tose, is  not  successful.  It  is  often  of  value  in  severe  carbohydrate 
indigestion.  It  is  most  useful  in  the  cUnical  type  characterized  by 
green  or  discolored  movements,  and  should  be  the  first  method  tried 
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in  such  types,  when  the  usual  methods  of  modifying  cow's  milk 
reveal  dif&culties. 

It  is  usually  not  well  borne  when  vomiting  is  a  prominent  symp- 
tom, or  when  habitual  persistent  vomiting  has  developed. 

Precipitated  Casein. — This  is  used  only  in  difficult  feeding  cases. 
It  is  an  a,lternative  to  lactic  acid  milk,  or  may  be  used  in  combi- 
nation with  it  (albumin  milk).  The  indications  for  precipitated 
casein  are  the  same  as  those  of  lactic  add  milk. 

CoouNG. — This  measure  has  only  one  definite  indication,  namely, 
the  appearance  in  otherwise  normal  stoob  of  large  casein  curds. 
It  may  be  tried  in  any  very  resistant  case. 

Homogenized  Milk. — The  indication  for  this  method  is  still  only 
theoretical.  The  method  was  developed  to  meet  certain  resistant 
cases  of  fat  indigestion,  in  which  the  baby  cannot  through  any  known 
method  of  modifying  milk  digest  and  absorb  enough  cow's  milk  fat 
to  meet  his  nutritive  requirements. 

INABILITY  OR  REFUSAL  TO  TAKE  FOOD  PROM  THE  BOTTLE 

Certain  babies  are  unable  to  take  their  food,  or  sufficient  food, 
from  the  bottle,  on  account  of  great  weakness.  In  these  cases  feed- 
ing must  be  forced.  If  the  difficulty  involves  their  power  of  suck- 
ing, but  not  their  power  of  swallowing,  the  food  is  best  given  with 
the  "Breck  Feeder."  This  consists  of  a  graduated  glass  tube,  drawn 
out  at  one  end  so  as  to  be  small  enough  to  be  fitted  with  a  small 
rubber  feeding-nipple.  A  compressible  rubber  cap  goes  over  the 
large  end  after  the  tube  is  filled.  The  nipple  is  put  in  the  baby's 
mouth,  and  its  presence  encourages  efforts  at  sucking.  If  these 
efforts  are  ineffectual,  the  nurse  compresses  the  rubber  cap,  gently 
forcing  the  milk  through  the  nipple  into  the  baby's  mouth,  and  thus 
helping  out  his  feeble  efforts.  It  is  always  best  to  continue  the 
sucking  reflex  in  these  cases. 

If  through  greater  weakness,  or  unconsciousness,  or  some  other 
cause,  the  baby  is  unable  to  swallow,  he  must  be  fed  by  means  of 
gavage. 

In  some  cases,  not  at  all  uncommon,  babies  refuse  their  food. 
They  are  perfectly  able  both  to  suck  and  to  swallow,  but  they  do  not 
want  the  bottle,,  and  resist  any  effort  to  make  them  take  it.  They 
may  refuse  either  the  whole  or  a  part  of  a  feeding,  and  may  refuse 
some  or  all  of  their  daily  feedings.  This  symptom  may  of  course 
be  due  to  the  coming  on  of  one  of  the  common  acute  diseases.  Apart 
from  such  recognizable  diseases,  I  have  found  three  common  causes 
for  this  condition.  These  are,  first,  dentition,  stomatitis,  or  any 
localized  sore  mouth;  second,  early  scorbutus;  and  third,  the  baby 
may  become  tired  of  the  taste  of  his  food.     Stomatitis  and  scurvy 
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FEEDING  OF  HEALTHY  INFANTS 

There  is  no  subject  about  which  so  much  ignorance  prevails,  as 
the  feeding  of  infants  during  the  second  year  of  life.  It  has  become 
fairly  well  known  that  cow's  milk  has  to  he  carefully  modified  and 
prepared  for  infants  in  their  first  year,  but  as  soon  as  the  twelfth 
month  has  been  passed,  and  the  infants  are  able  to  digest  whole 
milk,  there  seems  to  be  a  very  prevalent  idea  that  they  can  digest 
almost  anything.  A  few  children  are  underfed  in  the  second  year, 
but  the  great  majority  are  overfed,  with  badly  prepared,  unsmtable 
food  carelessly  given  at  improper  intervals.  The  acute  diarrheas 
so  prevalent  in  the  summer  months,  are  very  conmion  in  infants 
between  one  and  two  years  of  age,  so  much  so  that  the  "second 
summer"  has  come  to  be  a  much  dreaded  period.  The  dangers  of 
the  second  simimer  are  mainly  due  to  improper  feeding,  and  can  be 
entirely  prevented  by  proper  management. 

Among  the  mistakes  most  commonly  made  at  this  period  of  life, 
is  the  practice  of  allowing  the  infants  to  eat  between  meals.  As 
long  as  the  feeding  of  the  infant  involves  the  labor  of  administering 
the  breast  or  the  bottle,  mothers  are  less  likely  to  err  in  this  par- 
ticular; as  soon  as  the  baby  is  able  to  take  food  in  its  hand,  and  eat 
it,  this  involving  no  labor  on  the  part  of  the  mother,  it  begins  to 
get  crackers,  cookies,  or  a  slice  of  bread  and  butter  at  all  times, 
this  being  regarded  as  a  legitimate  means  of  keeping  it  quiet.  Not 
only  crackers,  but  drinks  of  milk  are  given  between  meals,  under 
the  idea  that  drink  is  not  food.  As  a  result  of  all  this,  the  child 
begins  to  take  less  food  at  meals,  and  its  feeding  becomes  a  con- 
tinuous nibbling,  which  keeps  its  digestive  system  in  a  state  of  con- 
stant stimulation,  with  most  ruinous  results.  Children  in  the  second 
year  should  never  be  allowed  to  eat  between  meals.  Even  the  drink 
of  milk,  or  the  "educator"  cracker  is  harmful, 

A  second  mistake,  is  irregular  hours  for  meals,  or  improper  inter- 
vals between  meals.  This  error  is  sometimes  committed  through 
carelessness,  and  sometimes  in  the  effort  to  make  some  of  the  infant's 
meals  coincide  with  those  of  the  parents,  so  that  the  infant  can  come 
to  table,  sitting  in  its  "high  chair."  Beside  the  tax  on  the  infant's 
digestive  power  which  such  irregularity  of  feeding  intervals  entails, 
the  fact  that  the  baby  comes  to  table  leads  to  the  practice  of  giving 
it  "tastes"  of  the  food  provided  for  the  rest  of  the  family.  The  idea 
that  little  tastes  of  these  various  foods  can  do  no  harm,  is  a  very 
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mistaken  one.  In  this  practice  the  father  is  usually  a  more  frequent 
offender  than  the  mother,  a  father  often  being  very  proud  that  his 
boy  of  lifteen  months  likes  the  same  articles  of  diet  as  himself.  An- 
other evil  in  having  the  infant  take  its  meals  with  its  parents,  is 
that  special  care  is  not  devoted  to  the  preparation  of  the  food  for 
the  infant,  but  many  articles  of  diet  suited  only  to  the  adult  are 
given  to  the  infant  under  the  mistakea  theory  that  if  he  is  healthy, 
they  can  do  no  harm. 

An  infant  in  the  second  year  should  have  his  meals  by  himself, 
at  regular  and  proper  intervals.  There  is  no  reason  why  he  should 
not  eat  with  older  children,  when  their  feeding  time  falls  at  the 
same  hour.  The  infant's  food  should  be  specially  prepared  for  him. 
If  the  family  cannot  manage  a  separate  dietary  for  their  young 
children  and  the  older  members,  it  is  better  that  the  older  members 
should  eat  what  is  good  for  the  children,  than  that  the  children 
should  be  forced  to  eat  what  the  older  members  like. 

One  common  mistake  made  in  the  feeding  of  infants  in  their  second 
year,  is  that  they  are  not  given  sufficient  milk.  As  they  begin  to 
take  other  foods,  some  of  which  they  often  like  better  than  milk, 
the  quantity  of  milk  in  their  diet  is  gradually  and  often  uncon- 
sciously cut  down.  MUk  should  be  the  basis  of  the  infant's  diet  through- 
out the  second  year.  The  popular  idea  that  many  children  cannot 
take  milk,  has  no  foundation  in  fact,  food  idiosyncrasy  against  milk 
being  rare.  The  other  articles  of  diet  should  always  be  additional, 
and  should  never  take  the  place  of  milk. 

Another  fault  in  the  feeding  of  infants  is  the  giving  of  sweets. 
This  I  believe  to  be  one  of  the  commonest,  if  not  the  commonest 
cause  of  disturbed  nutrition  in  all  periods  of  childhood  after  the 
end  of  the  first  year.  The  symptoms  of  excessive  sugar  ingestion 
develop  so  insiduously,  that  they  are  rarely  recognized  as  pointing 
toward  the  digestive  system.  Candy,  even  at  meals,  should  never 
be  given  to  infants  in  the  second  year,  I  am  inclined  to  go  much 
farther  than  this,  and  do  not  believe  that  sugar  should  be  added 
to  the  diet  at  all.  It  may  be  true  that  the  majority  of  children 
can  take  reasonable  quantities  of  cane  sugar  without  harm,  but 
sugar  is  by  no  means  a  necessary  component  of  the  child's  diet. 
The  child  gets  all  the  carbohydrate  it  requires  in  the  lactose  of  its 
milk,  in  the  starch  of  its  bread  and  cereals,  and  in  the  fruits  which 
are  added  later.  Sugar  can  be  absolutely  dispensed  with,  without 
harm.  The  trouble  with  sugar  is  that  young  children  like  it,  and 
once  having  tasted  it,  want  more  and  more  of  it.  Under  these 
circumstances,  it  is  very  difficult  to  keep  it  in  moderation,  for  the 
young  child  well  knows  how  to  get  what  it  likes,  and  is  an  adept 
at  bullying  its  parents  into  giving  it  what  it  likes.  Once  having 
tasted  sweets,  it  is  very  apt  to  begin  to  refuse  to  take  its  other  arti- 
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pepsin  or  liquid  rennet,  or  a  jimket  tablet.    Heat  to  ioo°  F.    Allow 
to  stand  until  the  curd  is  set,  then  place  and  keep  on  ice. 

DIET  FROM  THE  TWELFTH  TO  THE  FIFTEENTH 
MONTH. — The  following  schedule  may  be  adopted  for  the  feeding 
of  an  infant  from  the  twelfth  to  the  fifteenth  month: 

Table  37 
Feeding  from  Ihe  Twelfth  to  the  Fifteenth  Month 

TOOR  Ok  FIVE  UEALS  DAILV 

6:30  A.  M.     (Minimum)     Milk,  8  ounces. 

Zwieback,  gradually  increasing  to  one  whole  piece. 
(Maximum}     Stale  bread  and  butter,  one  piece,  in  place  of  iwieback. 

9M0  A.  M The  juice  of  one-half  orange. 

io»o  A.  M.     (Minimum)     Milk,  8  ounces. 

Zwieback,  increasitiK  to  one  whole  piece. 
(Maximum)    Oatmeal  or  barley  jelly,  one  tablespoon,  increasing  to  two 
tablespoons. 


DIVISION  V 

DISEASES   DUE  TO    DISTURBANCES  OF 
METABOLISM  OR  TO  CONSTITU- 
TIONAL ANOMALIES 

In  this  division  are  grouped  a  number  of  diseases  of  which  the 
etiology  is  not  definitely  known.  They  are  probably  due  to  various 
abnormalities  of  the  chemistry  of  the  body,  and  consequently  m-ght 
be  defined  as  constitutional  diseases.  The  most  probable  cause  of 
chemical  abnormahty  is  disturbance  of  metabolism,  and  this  is  the 
probable  pathogenesb  of  the  majority  of  the  diseases  of  the  group 
described  in  this  division.  In  the  case  of  hemophilia,  however,  the 
probability  is  that  the  disease  is  due  to  the  direct  inheritance  of  a 
constitutional  abnormality,  which  involves  the  chemistry  or  struc- 
ture of  certain  of  the  body  tissues.  In  the  other  conditions,  the 
cause  of  the  chemical  abnormality  being  unknown,  it  is  attributed 
to  disturbed  metabolism.  Whether  or  not  an  inherited  constitu- 
tional abnormality  plays  a  part,  and  if  so,  to  what  extent,  and 
whether  or  not  the  chief  part  is  played  by  causes  acting  from  out- 
side the  body,  and  if  so,  to  what  extent,  are  unknown.  Whatever 
the  cause,  these  diseases  present  manifestations  which  strongly  sug- 
gest that  the  tissue  lesions,  or  functional  disturbances  produced,  are 
due  to  disturbed  metabolism. 

Abnormality  of  metabolism  produces  two  kinds  of  effects.  The 
first  effect  is  disturbajice  of  nutrition.  This  may  affect  the  body 
as  a  whole,  or  may  affect  certain  particular  tissues  of  the  body.  The 
result  of  disturbance  of  nutrition  in  childhood  is  an  abnormality  of 
development,  with  characteristic  tissue  lesions.  The  most  conspic- 
uous example  of  this  effect  of  disturbed  metabolism  is  the  disease 
rachitis. 

A  second  effect  of  an  abnonnality  of  metabolism  is  the  formation 
of  toxic  products,  resulting  in  a  toxemia.  The  results  of  toxemia 
are  again  two-fold,  one  being  the  production  of  definite  tissue  lesions 
from  the  action  of  the  poison,  as  in  scorbutus,  while  the  other  result 
is  a  disturbance  of  function,  as  seen  in  spasmophiUa. 

The  following  scheme  illustrates  the  probable  pathogenesis  of  the 
diseases  of  this  group: 
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RACHITIS 

(Rickets) 

Rachitis,  or  rickets,  is  a  constitutional  disease,  with  de&nite  ana- 
tomical lesions,  which  certainly  represent  a  disturbance  of  nutrition. 
This  in  turn  is  almost  certainly  due  to  a  disturbance  of  metabolism. 
All  the  organs  and  tissues  are  involved  to  some  extent  in  the  nutri- 
ticmal  disturbance,  but  the  principal  lesions  are  in  the  bones.  The 
nutritional  disturbance  produces  the  characteristic  skeletal  lesions 
by  affecting  the  anatomical  growth  and  development  of  the  osseous 
tissue.  As  the  lesions  are  the  central  feature  of  the  disease,  and 
as  a  knowledge  of  the  tissue  changes  are  essential  to  an  understand- 
ing of  the  theories  of  the  etiology  of  the  disease,  the  pathological 
anatomy  and  chemistry  of  rickets  will  be  described  first. 

PATHOLOGICAL  ANATOMY.  Bone  Lesions.— The  patholog- 
ical lesions  of  rachitis  are  represented  chiefly  in  the  bones,  and  occur 
during  the  period  in  which  the  normal  processes  of  ossification  are 
most  active, — that  is,  during  the  first  year  and  the  first  part  of  the 
second  year  of  life. 

The  normal  growth  of  bone  depends  upon  four  conditions:  (a)  mul- 
tiplication of  cartilaginous  cells  in  definite  lines,  followed  by  (b)  cal- 
cification of  the  intercellular  spaces;  (c)  the  formation  of  medullary 
spaces  by  the  penetration  of  the  blood  vessels,  with  subsequent 
absorption  of  tissue;  and  (d)  finally,  the  concentric  deposition  of 
calcium  within  the  medullary  spaces.  The  bones  grow  in  length  by 
the  production  of  bone-tissue  in  the  cartilage  between  the  epiphysis 
and  the  diaphysis,  and  in  thickness  by  the  growth  of  bone  from  the 
inner  layers  of  the  periosteum.  At  the  same  time  the  medullary 
canal  is  enlarged  in  proportion  to  the  growth  of  the  bone  by  th? 
absorption  of  its  inner  layer.  These  processes  progress  in  definite 
order  and  in  clearly  defined  zones. 

In  rachitis  the  chief  microscopic  features  are  the  changes  which 
occur  in  the  zones  of  growth  and  the  asymmetrical  character  of  the 
proliferative  processes.  The  cartilaginous  and  sub-periosteal  cell- 
growth  which  produces  ossification  goes  on  with  increased  rapidity 
and  in  an  irregular  manner  both  between  the  epiphysis  and  the  dia- 
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physis  and  beneath  the  periosteum.  K  we  examine  micro  i 
the  region  between  the  epiphysis  and  the  diaphysis,  usua 
the  zone  of  proliferation,  we  find  that  the  cartilaginous  cell 
regularly  arranged  in  rows  around  a  definite  zone  in  advaii 
ring  of  ossification,  as  in  normal  tissue,  but  there  is  an 
heaping  up  of  cartilaginous  cells,  sometimes  in  rows,  somet 
covering  an  ill-defined  irregular  area.  This  zone  of  prolifera 
instead  of  being  narrow  and  sharply  defined,  is  quite  lackii 
formity.  It  presents  a  broad,  reddish-gray  appearance,  wit 
thickening  and  hyperemia.  The  medullary  spaces  are  mi 
vascular  than  normal,  and  are  so  increased  in  area  as  to  ex 


the  zone  of  calcification,  and  sometimes  through  it.  Th 
of  calcium  within  these  spaces  is,  however,  either  absent 
irregular,  and  is  for  the  most  part  replaced  by  a  soft,  fri 
stance,  consisting  of  a  bone-tissue  that  is  very  lacking  in  I 
with  cells  of  various  kinds  embedded  in  a  fibrillated  ground-s 
This  tissue  is  called  "osteoid,"  and  is  similar  to  that  f< 
osteoblasts. 

In  the  region  of  ossification  (ends  of  diaphysis  and  f 
there  is  microscopically  a  pronounced  increase  of  blood-v( 
cartilage-cells,  with  lengthening  of  cell  columns,  and  distu 
calcification  of  the  intercellular  substance.  Calcification,  i 
may  be  isolated  in  the  region  of  the  proliferating  cartilagir 
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or  may  be  altogether  absent  over  considerable  areas.  The  sub- 
periosteal layer  of  cells,  which  is  nonnally  thin  and  scarcely  notice- 
able macroscopicaUy,  becomes  hyperemic  and  thickened,  with  an 
appearance  similar  to  that  of  spleen-pulp.  Beneath  this  perio- 
steum is  also  to  be  found  the  "osteoid"  tissue  seen  in  the  zones 
of  proliferation. 

The  medulla  of  the  bone  is  more  hyperemic  even  than  normal. 
Its  tissue  is  rich  in  cells,  and  like  the  fetal  medulla,  contains  dilated 

Fig.  8j 


Spindle-shAped  rachitic  bone 

vessels  and  fat.  The  intercellular  substance  may  show  mucoid 
degeneration  or  even  be  of  fluid  consistency.  In  such  a  condition 
it  does  not  seem  that  hme  is  dissolved  from  the  bone  tissue  by  the 
blood,  but  it  is  the  resorption  of  such  bone  in  toto  that  is  the  im- 
portant factor  in  the  process.  Resorption  at  the  age  at  which  ra- 
chitis occurs  is  normal.    In  rickets,  rapid  cases  of  softening  certainly 
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second  marked  characteristic  is  the  more  or  less  significant  thicken- 
ing of  the  capsule  and  the  increase  in  the  consistency  of  the  organ. 
The  third  peculiarity  of  the  rachitic  spleen  is  the  anemia  of  the  organ 
and  the  diminution  in  the  number  of  Malpighian  bodies,  which  in 
children  are  otherwise  well  developed,  but  in  these  conditions  are 
hardly  perceptible.  On  section,  the  spleen  has  a  blood-red  color,  the 
trabeculae  are  clearly  marked  by  interlacing  threads,  and  on  draw- 
ing the  knife  over  the  cut  surface  there  remains  upon  the  edge  blood 
and  pulp  tissue.  The  characteristics  described  hold  true  in  all  cases 
of  rachitis,  and,  in  general,  indicate  approximately  the  intensity  of 
the  changes  in  the  bones. 

The  microscopic  appearances  are  those  of  an  interstitial  splenitis. 
Whether  the  inflammatory  appearances  are  directly  dependent  upon 
the  rachitis  or  are  due  to  the  complicating  diseases  which  caused 
the  death  of  the  patient  has  never  been  definitely  determined.  The 
uniform  appearances  in  all  the  cases  irrespective  of  the  cause  of 
death,  seem  to  give  weight  to  the  opinion  that  the  lesions  are  directly 
connected  with  rachitis. 

PATHOLOGICAL  CHEMISTRY.— The  rachitic  bone  and  carti- 
lage is  abnormally  poor  in  mineral  constituents,  that  is  to  say,  in 
calcium  and  phosphorus.  The  ash  content  of  the  ribs  and  spine 
may  be  reduced  to  from  sixty  to  twenty  per  cent  of  the  normal. 
Metabolism  experiments  up  to  the  present  time  have  only  succeeded 
in  establishing  the  fact  that  the  diminished  calcium  content  of  the 
skeleton  in  rachitis  is  due  to  diminished  calcium  retention — a  nega- 
tive calcium  balance,  and  that  in  the  healing  stage  the  calcium  bal- 
ance is  reversed.  This  is  no  more  than  would  be  expected  from 
the  character  of  the  condition.  Up  to  the  present  time,  metabolism 
experiments  have  been  unable  to  throw  further  light  on  the  path- 
ological chemistry  of  rachitis. 

ETIOLOGY.  The  Nature  of  the  Disease.— The  cause  of 
rachitis  is  unknown.  The  disease  is  almost  certainly  a  disturbance 
of  nutrition,  and  the  bony  lesions  being  the  most  prominent  feature 
of  the  disease,  it  has  been  assumed  by  many  writers  that  rachitis 
represents  a  disturbance  of  the  calcium  metabolism.  That  the  cal- 
cium balance  is  disturbed  in  rachitis  is  an  undoubted  fact,  but  this 
does  not  mean  that  the  disturbance  of  calcium  metabolism  is  the 
primary  factor  in  the  etiology  of  the  disease.  That  rachitis  is  due  to 
insufficient  calcium  in  the  food,  or  to  insufficient  absorption  of  cal- 
cium from  the  intestine,  has  never  been  proven,  and  is  certainly 
contrary  to  the  evidence.  There  remains  the  possibility  that  the 
disturbance  involves  the  utilization  of  calcium  by  the  tissues  of  the 
body.  Sufficient  calcium  is  absorbed,  but  not  being  used,  is  excreted 
again  into  the  intestine.    Under  this  theory,  inabiUty  to  use  calcium 
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leads  to  the  formation  of  lime-poor  bone,  which  interferes  with  endo- 
cbrondral  ossification.  The  other  characteristics  of  the  osseous  lesions 
are  considered  secondary  to  this,  the  new  cartilage  being  irregularly 
formed,  while  the  medullary  spaces,  and  an  excessive  number  of 
blood  vessels,  project  into  the  defective  cartilage. 

Another  possibihty  is  that  the  formation  of  defective  bone  tissue 
precedes  and  is  the  cause  of  the  abnormality  of  the  calcium  meta- 
bolism. If  this  is  the  case,  some  other  cause  must  be  sought  for  the 
osseous  lesions.  The  choice  between  these  two  theories  must  be  a 
matter  of  opinion.  I  believe  the  weight  of  evidence  to  be  against 
the  theory  that  a  specific  disturbance  of  calcium  metabohsm  is  the 
primary  factor.  I  believe  that  the  calcium  metabolism  is  disturbed 
only  in  this  one  respect,  that  the  bony  tissue  is  so  affected  by  the 
disease  that  it  is  unable  to  seize  and  utilize  the  lime  salts  which  are 
abundantly  present  for  its  use. 

This  does  not,  however,  explain  why  the  bony  tissue  is  unable 
to  utilize  the  lime  salts.  One  theory,  advanced  by  some  writers,  is 
that  there  is  a  special  pathological  peculiarity  of  the  bony  tissue 
which  prevents  ossification  in  rickets.  Against  this  is  the  fact  that 
rickets  is  not  a  disease  limited  to  the  bones,  but  affects  all  the  organs 
and  tissues  of  the  body,  which  suffer  in  a  manner  which  suggests 
disturbance  of  nutrition.  If  the  bony  tissues  suffer  with  them,  as 
a  result  of  such  disturbance,  the  effect  in  growing  bone  would  quite 
naturally  manifest  itself  by  inability  to  carry  on  the  most  important 
function  of  such  tissue,  which  is  the  storing  of  calcium.  Moreover, 
histological  and  microchemical  researches  have  given  no  evidence 
of  any  primary  anatomical  peculiarities  of  the  bony  tissue  of  the 
rachitic  child,  the  lesions  being  suggestive  of  impaired  nutrition. 

The  theory  that  a  disturbance  of  metabolism  in  rickets  causes  an 
increased  quantity  of  acid  in  the  circulating  body  fluids,  and  that 
decalcification  occurs  through  their  infiuence,  has  not  been  supported, 
and  is  contrary  to  the  preponderance  of  the  evidence  at  hand. 

From  present  knowledge,  it  can  only  be  concluded  that  the  disease 
rachitis  represents  a  general  disturbance  of  nutrition,  in  which  all 
the  tissues  of  the  body  suffer  to  some  extent.  Among  them  the 
bony  tissue  suffers,  and  the  disturbance  of  nutrition  so  affects  the 
growing  bone,  as  to  produce  the  characteristic  osseous  lesions  of  the 
disease.  The  effect  of  these  lesions  is  impaired  power  of  utilizing 
lime  salts,  and  this  leads  to  diminished  calcium  retention. 

Theories  as  to  ETiOLOCV.^In  the  voluminous  literature  of 
rickets  will  be  found  four  principal  theories  as  to  the  etiology  of  the 
disease.  These  are  that  the  disease  is  caused,  first,  by  an  infec- 
tion, second,  by  a  disturbance  of  function  of  some  of  the  ductless 
glands,  third,  by  an  unsuitable  diet,  and  fourth,  by  bad  hygienic 
surroundings. 
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The  evidence  in  favor  of  the  infectious  nature  of  rachitis  Is  very 
slight,  and  inconclusive.  The  weight  of  evidence  points  toward 
disturbance  of  metabolism  as  the  most  probable  cause  of  the  im- 
paired nutrition. 

The  recent  attempts  to  prove  that  some  of  the  disturbances  of 
metaboUsm  are  due  to  an  impairment  of  the  function  of  some  of  the 
ductless  glands,  such  as  the  thyroid,  parathyroid,  thymus,  and  adre- 
nals, have  not  been  successful. 

The  two  principal  theories  of  the  etiology  of  rachitis  are  the  dietary, 
and  the  hygienic.  According  to  the  fonner,  the  disturbance  of  meta- 
bolism in  rickets  is  caused  by  an  improper  diet.  In  favor  of  this 
theory  are  the  facts  that  rickets  is  commoner  in  artificially-fed  infants 
than  in  the  breast-fed,  and  that  it  is  also  commoner  when  artificial 
feeding  is  badly  conducted  than  when  it  is  rationally  conducted. 
Against  it  is  the  fact  that  the  occurrence  of  rickets  has  never  been 
conclusively  associated  with  any  particular  dietary  error,  nor  with 
any  particular  form  of  gastro-intestinal  disturbance.  Indeed,  rickets 
is  comparatively  uncommon  in  the  well-known  gastro-intestinal 
diseases  which  lead  to  interference  with  growth,  and  atrophic  infants 
are  very  infrequently  severely  rachitic.  It  is  often  seen  in  fat  chil- 
dren, who  have  never  had  any  digestive  disturbance,  and  indeed, 
the  disturbances  of  digestion  in  rickets  seem  to  be  usually  secondary 
to  the  disease.  The  occurrence  of  rickets  in  fat  cliildren  might  partly 
be  explained  by  diminution  in  their  bodily  activity. 

It  was  formerly  supposed  that  the  most  probable  error  in  diet 
responsible  for  rickets  was  insufficient  fat  in  the  food.  This  was 
based  on  the  statistical  evidence  obtained  from  the  study  of  the 
previous  diet  of  rachitic  patients.  The  majority  had  been  fed  on 
foods  high  in  carbohydrate,  and  low  in  fat,  such  as  the  various  pro- 
prietary infant-foods.  Such  foods,  however,  are  most  commonly  in 
use  among  the  poorer  members  of  society,  where  children  are  sub- 
jected to  the  worst  errors  of  hygiene.  Consequently  no  positive  con- 
clusion as  to  the  influence  of  diet  can  be  drawn  from  such  statistics. 

Metabolism  studies  on  the  effects  of  fat  and  carbohydrate  on 
calcium  metabolism,  have  suggested  just  the  reverse  theory  as  to 
the  dietary  error  which  causes  rachitis.  It  has  been  shown  that 
overfeeding  with  fat  causes  a  negative  calcium  balance,  while  car- 
bohydrate favors  calcium  retention.  This  phenomenon  would  only 
be  of  value  in  the  etiology  of  rachitis,  if  the  theory  that  the  disease 
is  due  to  a  negative  calcium  balance  were  proven.  It  is  possible, 
however,  that  overfeeding  with  fat  may  be  a  contributing  cause. 

No  influence  of  diet  on  rachitis  has  yet  been  conclusively  proven 
by  any  experimental  method.  We  cannot,  on  the  other  hand,  deny 
that  the  food,  and  its  digestion,  have  any  influence.  How  great  a 
part  the  diet  plays  must  be  a  matter  of  opinion.    I  believe  that  the 
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feeding  certainly  does  not  play  the  chief  part  in  the  etiology  of  ra- 
chitis. I  believe,  however,  that  improper  feeding,  and  the  nutritional 
disturbance  which  it  causes,  probably  plays  a  contributory  r61e  in 
many  disorders,  among  which  is  rachitis.  This  would  explain  the 
general  frequency  of  rickets  in  the  artificially-fed,  without  any  rela- 
tion to  any  particular  dietary  error.  In  breast-fed  infants,  rickets 
is  seen  at  times,  espedally  in  babies  with  whom  lactation  is  unduly 
prolonged,  and  also  in  Negro  and  Italian  babies. 

The  fourth  theory  attributes  rachitis  to  hygienic  errors,  and  to 
faulty  hygienic  surroundings.  This,  I  believe,  is  the  view  of  the 
etiology  of  rachitis  which  is  best  supported  by  the  evidence  at  hand. 
Rickets  is  commonest  in  the  poorer  classes;  it  is  particularly  common 
among  the  children  of  the  proletariat  of  the  larger  cities.  The  hous- 
ing conditions  are  of  the  first  importance,  and  probably  the  most 
important  factor  is  lack  of  fresh  air.  Confinement  in  small  rooms, 
with  overcrowding,  gives  lack  of  sufficient  air  space,  and  the  absence 
of  fresh  air  causes  deficient  oxygen  intake.  It  is  easily  conceivable 
how  serious  disturbance  of  metabolism  might  follow  such  conditions. 
There  is  evidence  also  that  among  the  unfavorable  hygienic  condi- 
tions contributing  to  rickets  are  lack  of  sufficient  sunlight,  and  lack 
of  sufficient  bodily  exercise.  The  probable  influence  on  metabolism 
of  both  these  factors  is  also  obvious;  lack  of  exercise,  besides  its  direct 
influence  on  metabolism,  would  also  lead  to  deficient  oxygenation. 
Under  this  theory,  rickets  appears  as  a  disease  caused  by  the  "domes- 
tication" incidental  to  civilization.  All  the  conditions  of  civiliza- 
tion which  differ  from  those  of  the  natural  life  of  the  human  animal, 
probably  play  some  part.  I  believe  this  factor  is  far  more  important 
than  are  infections,  or  alimentary  injuries  or  intoxications. 

The  evidence  in  favor  of  this  view  of  .the  etiology  of  rachitis  is 
both  statistical  and  experimental.  The  remarkable  investigation  of 
Finlay  in  Glasgow  is  almost  conclusive  from  the  statistical  stand- 
point. The  frequency  of  rickets  under  crowded,  unhygienic  condi- 
tions, and  its  greater  frequency  of  development  in  the  winter  and 
spring,  when  confinement  to  the  house  is  common,  are  very  signifi- 
cant. Also,  the  frequent  development  of  rickets  in  animals  confined 
in  cages  in  zoological  gardens,  forms  a  very  striking  analogy.  The 
only  evidence  against  this  theory  is  the  infrequency  of  rickets  among 
the  inhabitants  of  polar  countries,  who  live  in  close  dwellings,  de- 
prived of  sunlight  for  much  of  the  year.  Also,  rickets  is  as  common 
among  the  negroes  of  the  South  who  live  out  of  doors,  as  among  our 
Northern  negroes.  This  can  be  explained  by  the  fact  that  another 
factor,  that  of  race,  is  probably  important  in  rickets.  Such  a  factor 
must  be  assumed  to  explain  the  geographical  distribution  of  the 
disease.  The  fact  that  rickets  seen  in  breast-fed  babies  is  common 
only  among  the  Negroes  and  Italians,  is  further  evidence  of  a  racial 
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factor.  There  is  some  evidence  also  of  the  existence  of  a  hereditary 
factor,  a  constitutional  predisposition. 

There  is  considerable  experimental  evidence  on  animals  which  sup- 
ports the  etiological  importance  of  insufficient  fresh  air;  exercise,  and 
sunlight. 

Sduuasv  of  EnoLOGY.^Rachitis  is  exclusively  a  disease  of  early 
Ufe.  It  is  only  seen  in  infancy,  the  commonest  period  of  its  occur- 
rence being  that  between  the  ages  of  six  months  and  eighteen  months. 
It  may  appear  earlier,  but  is  probably  not  congenital,  the  so-called 
congenital  rickets  representing  a  different  disease  (chondrodystrophy). 
It  is  a  disturbance  of  nutrition,  principally  affecting  the  bones,  caus- 
ing definite  lesions.  It  is  accompanied  by  a  marked  disturbance  of 
the  calcium  metabolism,  but  this  is  probably  not  the  primary  factor. 
Impaired  nutrition  of  the  bony  tissue,  which  accompanies  impaired 
nutrition  of  other  tissues,  causes  the  anomalies  of  calcium  metabolism 
which  are  seen  in  the  disease.  The  cause  of  the  impairment  of 
nutrition  is  probably  a  disturbance  of  metabolism,  of  which  the 
nature  is  unknown. 

The  two  chief  causes  of  this  are  probably  constitutional  peculiari- 
ties, and  injuries  from  without.  Among  the  constitutional  causes, 
the  best  estabhshed  is  the  racial  factor.  There  is  some  evidence  in 
favor  of  a  hereditary  factor,  but  this  probably  is  of  very  little  im- 
portance. Of  the  external  causes,  the  most  important  is  probably 
faulty  hygienic  surroundings,  including  lack  of  fresh  air,  lack  of 
exercise,  and  lack  of  sunhght.  An  unsuitable  diet,  various  acute 
infections,  and  possibly  chronic  diseases,  may  act  as  contributory 
causes. 

SYMPTOMS.  Constitutional. — The  symptoms  of  rachitis  are 
those  of  a  slowly  developing  constitutional  disease.  The  early  symp- 
toms are  the  same  as  may  occur  in  a  number  of  diseases  in  which  the 
nutrition  is  affected.  The  most  common  early  symptoms  are  rest- 
lessness at  night,  profuse  sweating,  especially  of  the  head,  when 
asleep,  and  constipation.  The  appetite  is  impaired  and  capricious; 
the  infants  are  fretful,  the  abdomen  becomes  prominent,  and  although 
they  often  grow  fat  they  are  anemic  and  their  muscles  are  soft.  The 
infants  do  not  learn  to  walk  as  early  as  they  should,  their  fontanelles 
do  not  close  at  the  usual  time;  dentition  is  delayed  and  irregular,  and 
soft  areas  appear  in  the  cranial  bones,  especially  in  the  occiput. 

At  this  stage  the  characteristic  tenderness  of  the  body  may  occur, 
but  many  cases  never  present  this  symptom.  This  is  usually  due  to 
a  p>eriosteal  tenderness  at  the  insertions  of  the  muscles,  and  is  some- 
times confined  to  the  bones.  It  is  manifested  only  on  trifling  pres- 
sure, while  at  other  times  the  muscles  are  tender  and  the  gentlest 
effort  to  lift  the  child  may  cause  him  to  shriek  with  pain.    The 
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so-called  paralysis  of  rachitis,  which  is  an  accompaniment  of  this 
stage,  and,  as  a  rule,  precedes  any  marked  osseous  change,  is  gener- 
ally brought  to  notice  by  the  child's  inability  or  disinclination  to 
walk  or  stand.  At  other  times  it  may  be  more  severe  and  take  the 
form  of  inability  to  use  the  arms  as  well  as  the  legs. 

After  these  general  premonitory  symptoms  have  continued  for 
some  time,  the  characteristic  changes  in  the  osseous  system  become 
prominent  and  are  found  in  those  parts  of  the  bones  which  are  in  the 
most  active  stage  of  development.  In  cases  beginning  in  earlier 
infancy,  the  skuU  undergoes  the  most  marked  changes. 

F10.S4 


The  rachitic  head 

Head. — The  typical  head  of  rachitis  has  a  high,  square  forehead, 
with  a  decided  prominence  of  the  lateral  parts  of  the  frontal  bones 
(frontal  eminences),  and  sometimes  there  are  also  eminences  on  the 
parietal  bones.  The  normal  thickness  of  the  bones  is  increased  by 
means  of  a  large  amount  of  new  periosteal  soft  growth  between  the 
periosteum  and  the  bones.  The  head  is  somewhat  lengthened  and 
is  usually  larger  in  circumference  than  normal.  The  anterior  fonta- 
nelle  remains  widely  open,  and  may  not  ossify  until  the  third  year, 
or  even  later.  The  closure  of  the  posterior  fontanelle  may  be  delayed 
in  cases  which  develop  rachitis  very  early  in  hfe.  The  sutures  also 
remain  open  longer  than  normal,  and  in  such  cases  may  result  in 


growing  organs. 

A  transverse  depression  may  also  occur,  starting  at  the  junction 
of  the  ensifonn  cartilage  with  the  sternum,  extending  laterally  on 
the  thorax,  and  corresponding  to  the  insertion  of  the  diaphragm. 
This  is  called  Harrison's  groove.  The  lower  ribs  may  be  elevated 
by  the  miderlying  distention  caused  by  the  prominent  abdomen  and 
the  liver.  Softening  of  the  ribs  is  said  to  occur  after  the  changes 
in  the  skull  and  before  the  changes  in  the  extremities.  In  a  typical 
rachitic  thorax  the  clavicles  are  shorter  and  more  curved  than  normal, 
and  the  clavicular  deformities  may  be  unilateral.  Fractures  of  the 
clavicles  in  rachitis  are  not  uncommon  at  the  forward  curve,  and 
may  possibly  occur  when  the  infant  is  being  dressed. 

When  there  is  unusual  lateral  compression  and  narrowing  of  the 
thorax,  the  sternum  is  made  to  project  forward,  and  this  is  called 
pigeon-breast,  or  pectus  carinalum.  The  weakest  part  of  the  thorax 
is  at  the  junction  of  the  cartilages  and  ribs,  and  the  sternum  is  thus 
naturally  pushed  forward.  In  another  series  of  cases,  in  which  the 
ribs  are  pushed  together  laterally  and  the  sternum  depressed,  as  where 
there  is  interference  with  the  entrance  into  the  lungs  by  adenoid 
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growths  and  enlarged  tonsils,  the  condition  of  funnel  chest  is  produced. 
Again,  there  may  be  greater  compression  on  one  side  than  on  the 
other,  with  a  resulting  prominence  or  depression  on  one  side  of  the 
sternum. 

The  costal  cartilages  are  frequently  enlarged  at  their  junction  with 
the  ribs,  and  can  be  felt  and  often  seen  as  a  line  of  rounded  prom- 
inences. These  prominences  are  called  the  rachitic  rosary,  and, 
though  most  commonly  occurring  in  the  latter  part  of  the  first  year, 
have  also  been  met  with  in  the  early  weeks  of  life.  The  rachitic 
rosary  is  the  earUest  of  the  physical  signs  of  rachitis  to  develop,  and 
is  the  most  common  abnonnahty  in  rachitis.  It  does  not  occur  m 
normal  children,  and  its  presence  justifies  the  diagnosis  of  rachitis. 

Fig.  8s 


Inner  surface  of  si 

As  the  pathological  process  is  more  pronounced  in  the  lower  ribs, 
especially  the  lower  five,  than  the  upper,  the  rosary  is  most  distinct 
in  the  lower  ribs. 

Spine.— Deformity  of  the  spme  is  quite  constant  in  rachitis  and 
results  mostly  from  muscular  weakness,  but  the  vertebrae  may  he 
affected  by  the  rachitic  process,  and  in  cases  of  recovery  may  be  found 
thickened.  The  most  common  deformity  is  kyphosis,  which  consists 
of  a  gradual  bowing  backward  in  the  dorsal  and  lumbar  regions. 

The  prominence  of  these  vertebral  spines  is  often  quite  sharp,  and 
simulates  Pott's  disease,  but  the  rachitic  spine  should  be  flexible  to 
passive  manipulation.  Scoliosis  {lateral  curvature)  and  lordosis  (for- 
ward curvature),  are  also  common  deformities  occurring  in  rachitis. 
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Extremities. — Deformities  of  the  long  bones  may  arise  in^the 
epiphyses  and  in  the  shafts;  the  former  show  enlargement,  the  latter 
bending.  Enlargement  of  the  epiphyses  appears  especially  at  the 
wrists  and  at  the  anterior  ends  of  the  ribs;  enlargement  of  the  lower 
end  of  the  radius  and  ulna  is  practically  universal,  and  is  second  to 
the  rosary  in  frequency  of  occurrence  and  in  early  time  of  appear- 


Rachitic  riefonnity  of  the  spine  and  chest 
This  particular  deCormity  wa«  caused  by  the  fact  that  the  patient  had  been  cared 
for  by  an  older  child,  who  always  held  it  with  Che  same  arm. 

ance.  Enlargement  of  the  lower  end  of  the  tibia  and  fibula  occurs 
next  in  frequency.  The  increase  of  the  epiphyses  at  the  wrists  is 
greater  than  elsewhere.  These  enlargements  do  not  involve  the 
joints.  In  the  deep-seated  epiphyses,  like  the  hip  and  the  shoulder, 
the  changes  are  not  noticed  so  readily.  The  proliferating  layer  be- 
tween the  epiphyses  and  the  bone  may  become  so  thick,  and  softened 
that  consequent  deformity  and  separation  of  the  epiphyses  may 
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occur,  but  such  an  event  is  uncommon.  When  fractures  occur  they 
are  on  the  concave  side  of  the  bone.  In  rachitic  deformity  the  curve 
of  the  forearm  may  be  due  to  the  pull  of  the  muscles,  and  there  may 
be  a  special  bend  of  the  radius  about  the  ulna,  probably  secondary 
to  the  anteroposterior  curve.  It  prevents  full  supination.  The 
humerus  rarely  bends.  Fractures  are  not  rare.  Any  considerable 
increase  in  the  ankle  epiphysis  is  rare.  The  curve  of  the  femur  is 
forward,  and  may  involve  only  the  anterior  surface,  so  that  there 
may  be  no  curve  on  the  posterior  surface.  Fractures  may  occur 
with  excessive  callus  formation  later.     In  the  lower  leg,  fracture  takes 

Fig.  Sg 


place  most  often  with  anterior  bowlegs,  and  the  resulting  callus  is 
deeper  than  in  the  thigh.  Fractures  of  the  long  bones,  however,  are 
uncommon,  but  their  arrested  development  may  cause  permanent 
shortening.  Bowing  of  the  legs,  knock-knee,  and  flat-foot,  are  all 
very  common  symptoms  of  rachitis.  Coxa  vara  may  be  present. 
Localized  rachitis,  as  of  the  legs,  is  possible  and  quite  frequently  met 
with  in  children  with  no  symptoms  of  general  rachitis. 

Signs  of  previous  rachitis  are  suggested  by  a  caput  quadratum 
with  a  thick  skull,  irregularity  of  the  teeth,  eversion  of  the  lower 
edges  of  the  thorax,  pigeon-breast,  pelvic  deformity,  deformities  of 
the  clavicles  and  extremities,  and  thickened  epiphyses,  which  may 
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persist,  as  thickened  epiphyses  in  general  are  slow  in  disappearing 
and  outlast  the  active  process. 

The  existence  of  flat-foot  in  children  over  two  years  old  should 
lead  to  an  examination  for  knock-knee.  The  combination  of  these 
two  conditions  will  in  most  cases  be  found  to  be  dependent  upon 
present  or  previously  existing  rachitis. 

Muscles. — There  is  a  weak  and  relaxed  condition  of  the  muscles 
and  ligaments,  but  microscopically  the  muscles  are  only  pale  and 
their  hbres  infiltrated  with  fat,  although  in  some  cases  there  may 
be  atrophy  from  disuse. 

Fic.  gt 


Nebvods  System. — The  nervous  system  is  in  an  exceedingly  un- 
stable and  sensitive  condition.  Convulsions  are  quite  common. 
Rachitic  children  have  a  marked  tendency  toward  spasmophilia,  with 
its  characteristic  symptoms  of  tetany  and  laryngospasm. 

LtnJGS. — Owing  to  deformities  of  the  thoracic  walls  there  is  a 
tendency  to  atelectasis  of  portions  of  the  lung  from  pressure,  with 
surrounding  areas  of  emphysema.  There  is  also  a  great  tendency 
to  bronchitis  and  bronchopneumonia. 

Heart. — The  heart  sometimes  shows  signs  of  mechanical  irrita- 
tion, represented  by  irregularity  and  caused  by  deformities  of  the 
thorax. 

Blood. — Anemia  is  often  seen  in  rachitis.  The  blood  shows  the 
characteristics  of  a  secondary  anemia. 
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Lymph-nodes. — The  lymph-nodes  are  very  frequently  found  to  be 
enlarged  from  simple  hyperplasia. 

Stomach  and  iNTESTifJES. — There  is  often,  though  not  necessarily, 
functional  disturbance  of  digestion.  The  symptoms  vary  very  much 
and  diarrhea  and  constipation  alternate.  The  distended  abdomen 
results  from  weakness  of  the  muscles  of  the  abdominal  wall  and  of 
the  intestine,  and  a  resulting  umbilical  hernia  is  not  rare.  In  like 
manner  atonic  constipation  is  common. 

DIAGNOSIS. — The  diagnosis  of  rachitis  cannot  be  made  by  the 
premonitory  symptoms,  as  the  disease  b  so  often  the  result  of  im- 
paired nutrition  arising  from  many  causes,  that  it  is  difficult  to 
determine  when  the  rach'Uc  symptoms  begin.  The  differential  diag- 
nosis has  to  be  made  from  a  number  of  diseases  in  which  the  general 
nutrition  of  the  child  is  profoundly  disturbed,  these  diseases  being 
especially  represented  by  functional  disorders  connected  with  the 
gastro-enteric  tract.  When  the  pathological  changes  in  the  bones 
have  progressed  sufficiently  for  physical  detection,  and  the  disease 
is  fully  developed,  the  diagnosis  is  not  difhcult.  In  its  early  stages, 
therefore,  the  manifestations  of  rachitis  may  be  so  slight  that  the 
diagnosis  must  often  be  held  in  abeyance.  The  most  signi&cant 
signs  are,  in  the  order  of  frequency  of  occurrence,  the  rosary,  the 
enlarged  radial  epiphyses,  the  rachitic  head,  delayed  dentition,  and 
the  deformities  of  the  chest.  Prominence  of  the  abdomen,  relaxation 
of  the  ligaments,  and  enlai^ement  of  the  spleen,  are  imjx>rtant  con- 
firmatory signs. 

Examination  with  the  roentgen  ray  is  often  of  great  value  in  the 
diagnosis  of  rachitis,  and  should  be  used  in  every  case  of  doubt. 
The  appearances  of  the  bone  structure  as  differentiated  by  means 
of  the  roentgen  rays,  from  certain  of  the  chronic  conditions  of  child- 
hood, may  be  summarized  as  follows:  The  characteristic  curves  of 
the  long  bones  are  easily  apparent.  There  is  great  irregularity  at 
the  epiphyseal  lines,  with  much  hyperplasia  of  the  osteoid  tissue  and 
hypertrophy  of  the  epiphyseal  cartilages.  These  pathological  changes 
usually  give  the  appearance  of  a  great  disproportion  between  the  bony 
epiphysis  and  the  epiphyseal  ends  of  the  diaphysis.  The  curves  in  • 
the  shafts  of  the  bones  are  often  sharp. 

The  differential  diagnosis  of  rachitis  is  to  be  made  from  chondro- 
dystrophy, scorbutus,  rheumatism,  osteomalacia,  osteomyelitis,  syph- 
ilis, paralysis  of  central  origin.  Pott's  disease,  and  from  the  dis- 
ability to  use  the  limbs,  due  to  simple  weakness  in  infants  who  are 
not  rachitic. 

Chondrodystrophy,  or  Achondroplasia,  is  distinguished  from 
rachitis  in  the  following  characteristics:  The  trunk  is  normal,  while 
the  extremities  are  short  and  deformed.    The  head  is  large  and  the 
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bridge  of  the  nose  flattened.  The  enlargements  at  the  ends  of  the 
long  bones  are  due  to  overgrowth  of  the  periosteum,  instead  of  to 
changes  in  the  ephipyseal  cartilage,  and  the  zone  of  proHferation  is 
narrower  than  that  in  rachitis.  A  radiograph  will  usually  bring  out 
the  differences  in  the  pathology  of  the  chondrodystrophy  and  all 
other  lesions  of  the  bones  which  resemble  it.  In  this  condition  the 
epiphyseal  lines,  instead  of  being  irregular,  are  straight,  although 
much  narrowed.    The  shafts  of  the  bones  are  often  thickened  and 

Fig.  9a 


Case  of  rachitis,  the  radiograph  showing  the  marked  deformity  (knock-knee),  the  "zone  of 

Eroliferation"  at  each  epiphyseal  line,  as  well  as  the  marked  rarefaction  of  the  shallows  cast 
y  all  the  bones  due  in  all  probability  to  the  deficiency  id  lime  salts  as  well  as  to  the  change  of 
function  as  to  weight  bearing. 
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stunted,  while  the  apparent  overgrowth  of  the  bony  epiphysis  is  so 
marked,  that  its  shadow  often  appears  to  overlap  that  of  the 
epiphyseal  line. 

Scorbutus  is  eliminated  in  the  diagnosis  by  the  presence  of  the 
various  osseous  lesions  which  have  just  been  described  as  symptoms 
of  rachitis,  and  by  the  absence  of  the  characteristic  features  of  scor- 
butus, represented  by  tenderness  and  swelling  Just  above  the  joints, 
due  to  subperiosteal  hemorrhages,  and  by  stomatitis  ulcerosa.  The 
X-ray  in  scorbutus  shows  the  raising  of  the  periosteum  by  the  char- 
acteristic subperiosteal  hemorrhage.  A  "white  hne"  at  the  epiphy- 
seal zone  of  growth  is  considered  characteristic  by  some  authorities. 
The  characteristic  changes  of  rachitis  are  absent. 

Rheumatic  Fever  in  its  articular  form  would  present  such  marked 
symptoms  of  acute  tenderness,  swelling,  and  pain  in  the  joints,  com- 
bined with  a  heightened  temperature,  that  it  could  easily  be  dis- 
tinguished from  the  general  tenderness  of  the  bones  without  much 
fever,  together  with  the  subacute  or  chronic  course  and  the  char- 
acteristic enlargement  of  the  epiphyses  in  rachitis. 

Osteomyelitis. — The  clinical  symptoms  of  an  acute  infectious 
disease,  with  sudden  onset,  and  represented  by  severe  constitutional 
disturbance,  heightened  temperature,  pain,  localized  tenderness,  and 
rapid  exhaustion,  serve  to  distinguish  osteomyelitis  from  the  slow 
development  and  slight  amount  of  fever  met  with  in  rachitis.  In 
osteomyelitis,  moreover,  various  foci  of  infection  will  appear  in  one 
or  more  bones  with  tenderness  at  these  points  and  a  tendency  to 
suppuration  which  is  not  met  with  in  rachitis.  In  roentgenograms 
the  abnormal  shadows  are  to  be  seen  in  the  diaphysis,  and  are  gener- 
ally due  to  irregular  necrotic  areas,  with  or  without  sequestra.  There 
is  usually  no  thinning  of  the  shadows  of  the  involved  bone  or  sur- 
rounding bones. 

OSTEOMALACU.— In  Very  rare  cases  osteomalacia  occurs  in  chil- 
dren, but  it  can  seldom  be  differentiated  from  rachitis  during  life, 
except  by  X-ray  examination.  The  lack  of  lime  salts,  as  is  shown 
by  the  "quaUty"  of  the  shadow,  is  generally  well-marked.  The 
deformities  of  the  bone-shafts  are  characterized  by  bendings  rather 
than  sharp  curves. 

Hereditary  Syphilis. — The  diagnosis  of  rachitis  from  hereditary 
syphilis  is,  as  a  rule,  not  difficult.  While  in  rachitis  the  enlargement 
of  the  long  bones  is  limited  to  the  epiphyses,  in  syphilis  it  is  not  so 
limited,  but  involves  the  ends  of  the  diaphyses.  This  enlargement 
is  often  accompanied  by  a  condition  which  closely  simulates  a  callus, 
and  there  is  a  distinct  tendency  to  fracture  in  syphilis  rather  thaji 
to  the  bending  which  is  common  in  rachitis.  Lesions  of  the  mouth 
and  lips,'  and  lesions  of  the  skin  are  distinctive  of  syphilis. 
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Cerebral  Paralysis  and  Pouomyelitis.— In  certain  cases  of 
rachitis,  especially  in  the  earlier  stages,  the  so-called  paralysis  of 
rachitis  occurs,  and  must  be  distinguished  from  paralysis  of  central 
origin,  especially  from  poliomyelitis  of  the  cord.  The  diEFerential 
diagnosis  must  be  made  by  the  absence  of  the  symptoms  described 
under  cerebral  paralysb  and  poliomyelitis,  and  by  an  examination 
of  the  child  in  a  recumbent  posture,  which  in  rachitis  will  show  that 
the  muscular  movements  are  but  little  impaired,  that  the  apparent 
inability  to  move  the  limbs  and  the  disinclination  to  walk  are  caused 
by  tenderness  of  the  bones  and  muscular  weakness,  that  the  elec- 
trical reaction  is  normal,  and  that  the  reflexes  are  not  affected.  This 
pseudo-paralysis  is  certain  to  pass  off  if  the  child  Hves.  Cases  of 
rachitis  which  do  not  walk  until  late,  on  account  either  of  muscular 
weakness  or  of  tenderness,  may  resemble  cases  of  organic  nervous 
disease  with  true  paralysis.  The  diagnosis  must  rest  on  the  presence 
of  the  general  signs  of  these  nervous  diseases. 

Pott's  Disease. — When  rachitis  causes  kyphosis  of  the  spine,  it 
may  simulate  Pott's  disease  very  closely.  A  prominence  may  be 
present  at  the  dorso-lumbar  junction,  which  is  a  frequent  seat  of 
deformity  in  Pott's  disease,  and  which,  involving  several  vertebrae, 
may  or  may  not  be  obliterated  when  the  child  hes  on  its  face  and  is 
lifted  by  its  feet  from  the  table.  The  spine  is  held  rigidly  in  severe 
cases,  just  as  in  Pott's  disease,  and  the  deformity  may  be  angular 
rather  than  the  usual  gradual  curve.  The  coexistence  of  enlarged 
epiphyses  and  other  rachitic  conditions  makes  it  very  probable  that 
the  affection  is  rachitic;  but  both  diseases  may  coexist.  The  von 
Pirquet  reaction  is  usually  present  in  Pott's  disease,  and  its  absence 
is  in  favor  of  rachitis.  In  roentgenograms,  abnormal  shadows  attrib- 
uted to  tuberculosis  are  to  be  seen  most  often  involving  the  joints, 
while  the  appearances  In  the  adjacent  bones  are  characteristic. 

In  general,  the  age  of  the  child,  under  eighteen  months,  the  absence 
of  much  pain,  and  the  existence  of  other  signs  establish  the  diagnosis 
of  rachitis.  Rachitis  is,  moreover,  in  children  under  two,  much  more 
common  than  Pott's  disease.  In  doubtful  cases  the  diagnosis  can 
be  made  only  after  several  examinations  and  a  period  of  two  or 
three  weeks  of  recumbency,  under  which  conditions  the  rachitic 
spine  becomes  somewhat  more  flexible.  In  doubtful  cases  time  alone 
will  establish  the  diagnosis. 

Weakness. — In  certain  infants  who  are  not  rachitic  the  power  of 
walking  is  lost  for  variable  periods,  and  is  due  to  weakness  following 
any  disease,  whether  acute  or  chronic,  which  for  a  time  may  inter- 
fere with  the  infant's  vitality.  This  condition  is  difficult  to  dis- 
tinguish from  rachitis,  but  must  be  differentiated  by  the  absence  of 
the  other  symptoms.    Delay  in  learning  to  walk  should  lead  us  to 
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carefully  examine  for  other  symptoms  of  rachitis,  as  it  is  quite  often 
one  of  the  manifestations  of  this  disease.  An  open  fontanelle  after 
the  nineteenth  or  twentieth  month  suggests  rachitis,  and  delayed 
dentition  is  also  significant.  If  there  are  no  teeth  at  the  ninth  or 
tenth  month,  the  infant  should  be  carefully  examined  for  rachitis; 
at  one  year  absence  of  teeth  almost  always  indicates  the  disease. 

Children  with  rachitis  have  weak  muscles  as  well  as  weak  bones, 
and  the  condition  of  such  a  child  approaches  that  of  one  who  stands 
and  walks  with  the  least  expenditure  of  muscular  force. 

Hydrocephalus.— The  diagnosis  between  the  rachitic  head  and 
the  hydrocephalic  is  usually  not  difficult.  The  former  is  irregularly 
enlarged,  flattened  on  top,  square-looking,  due  to  the  prominence 
of  the  frontal  bosses,  and  has  a  normally  tense  or  depressed  fon- 
tanelle. The  latter  is  regularly  enlarged  and  rounded,  with  promi- 
nent parietal  bosses  and  a  tense  and  bulging  fontanelle. 

PROGNOSIS. — The  prognosis  of  rachitis  is  favorable,  provided 
no  complications  arise.  When  left  untreated  the  disease  will,  after 
more  or  less  deformity  has  occurred,  be  arrested  spontaneously,  the 
pathological  process  in  the  bones  will  cease,  and  the  bones  will  harden 
in  their  deformed  condition.  In  these  untreated  cases  the  younger 
the  child  the  more  unfavorable  is  the  prognosis  as  to  permanent 
deformity.  A  spontaneous  arrest  of  the  disease  may  take  place  in 
any  of  its  stages,  but,  as  a  rule,  if  the  affection  is  pronounced,  serious 
deformities  are  usually  produced.  Rachitic  children  are  more  liable 
to  die  than  other  children  when  they  are  attacked  by  such  diseases 
as  pneumonia  or  bronchitis.  As  a  rule,  the  epiphyseal  enlargements 
diminish  with  growth,  but  to  a  certain  degree  remain  through  life. 
In  favorable  cases  the  craniotabes,  laryngismus  stridulus,  bronchitis, 
diarrhea  and  paralysis  gradually  pass  away  Rarely  death  may 
occur  in  attacks  of  laryngospasm  or  convulsions 

When  properly  treated,  the  health  of  rachitic  children  improves 
steadily,  and,  unless  the  deformities  which  have  occurred  in  the 
bones  have  advanced  too  far,  complete  recovery  usually  takes  place 
by  the  third  year.  The  arrest  of  the  disease  at  an  early  stage  is 
important.  The  persistent  deformities  are  the  curving  of  the  long 
bones,  the  deformities  of  the  spine,  and  the  more  advanced  deformi- 
ties of  the  chest. 

TREATMENT.  Hygienic.— The  essential  feature  of  the  treat- 
ment of  rachitis  is  removal  of  the  cause.  The  treatment  is  there- 
fore hygienic,  and  the  earlier  the  treatment  is  begun,  the  better  are 
the  results.  After  the  eighteenth  month  the  harm  has  been  done 
and  the  tendency  is  toward  recovery  on  account  of  the  changes  in 
the  mode  of  life  of  children  at  that  age.     Most  of  the  cases  seen  in 
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private  practice  are  comparatively  mild  and  are  often  unrecognized 
until  spontaneous  recovery  has  already  begun. 

The  degree  to  which  faulty  hygienic  conditions  can  be  corrected 
depends  on  the  circumstances  in  the  individual  case..  The  ideal 
treatment  only  can  be  described,  and  this  should  be  approached  as 
closely  as  circumstances  will  permit.  The  essentials  are  fresh  air, 
sunlight,  and  exercise.  The  rachitic  child  should  be  outdoors  as 
much  as  possible.  When  indoors,  he  should  be  kept  in  well-aired 
rooms,  which  are  not  occupied  by  other  children,  or  other  persons. 
He  should  sleep  in  a  room  with  well-opened  windows.  Exercise 
can  only  be  attained  with  children  who  are  able  to  walk.  With 
babies  imable  to  walk,  the  patient  should  be  undressed  daily  in  a 
warm  room,  and  encouraged  to  roll  and  kick  about.  Massage  is 
an  extremely  valuable  substitute  for  exercise  in  babies  unable  to 
walk.  Sponge  baths  in  the  morning,  gradually  made  as  cold  as  the 
vitality  of  the  child  will  permit,  are  also  valuable.  In  large  cities 
it  is  advisable  if  possible,  to  send  the  patient  to  the  country,  because 
in  cities,  outdoor  treatment  is  difficult  to  carry  out,  and  sunshine 
difficult  to  obtain. 

With  the  children  whose  domestic  conditions  prevent  the  full 
realization  of  proper  hygienic  surroundings,  much  can  be  done  through 
social  service  organizations.  Faulty  hygienic  conditions  in  the  home 
can  be  remedied  to  a  great  extent.  Frequent  outdoor  country  excur- 
sions can  sometimes  be  arranged,  and  the  children  can  be  kept  as 
much  as  possible  in  the  parks  and  open  squares. 

Dietetic. — I  do  not  believe  that  any  specific  modifications  should 
be  made  in  the  diet  of  rachitic  infants.  There  is  no  proven  relation 
between  diet  and  the  disease  to  serve  as  a  basis  for  such  modification. 
Disturbances  of  digestion  must,  of  course,  be  corrected.  The  evi- 
dence obtained  by  metabolism  experiments  of  the  influence  of  the 
various  food  elements  on  calcium  metabolism  is  not,  under  present 
theories  of  etiology,  sufficient  to  form  a  basis  for  treatment.  As 
rachitis  is  most  frequently  seen  in  artificially  fed  infants,  human  milk 
is  probably  the  best  food  for  rachitic  babies,  as  it  is  for  babies  in 
general.  When  artificial  feeding  is  necessary,  the  next  best  food  is 
cow's  milk,  and  sufficient  calcium  to  meet  all  requirements  is  present 
in  all  ordinary  cow's  milk  modifications.  In  selecting  the  composi- 
tion of  the  food,  it  must  be  borne  in  mind  that  the  diet  should  be 
made  as  suitable  as  possible,  the  physician  being  guided  by  the 
general  principles  of  infant  feeding.  When  the  diet  best  suited  to 
the  normal  infant  of  the  same  age  and  development  has  to  be  modi- 
fied, it  is  usually  on  account  of  the  digestive  peculiarities  of  the 
individual  infant,  and  the  changes  which  are  made  are  designed  to 
meet  the  clinical  indications. 
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Medicinal. — No  drug  has  been  proven  to  have  any  influence  on 
the  essential  pathology  of  rachitis.  The  discussion  of  the  etiology 
showed  the  theoretical  uselessness  of  giving  calcium,  and  there  is 
no  convincing  clinical  evidence  of  its  value.  Cod  liver  oil  and  phos- 
phorus, alone  or  in  combination,  have  been  widely  recommended  in 
the  treatment  of  rachitis.  In  the  case  of  cod  liver  oil  there  is  no 
convincing  evidence  that  it  has  any  specific  value.  In  view  of  cer- 
tain experiments  on  the  effect  of  fat  on  calcium  metabolism,  there  is 
a  possibility  that  cod  liver  oil  might  even  do  harm.  I  do  not  believe, 
however,  that  any  specific  hann  from  cod  liver  oil  is  established  by 
these  experiments.  It  provides  a  form  of  fat  which  is  often  easier 
of  assimilation  than  cow's  millt  fat,  and  in  any  disturbance  of  nutri- 
tion, it  is  valuable  as  an  adjunct  to  the  diet.  I  do  not  think  it  should 
be  used  until  the  second  year. 

Phosphorus  was  first  recommended  by  Kassowitz  in  the  treatment 
of  rachitis,  and  its  effects  have  been  the  subject  of  much  experimental 
and  clinical  investigation.  It  still  holds  ffrst  place  in  German  thera- 
peutics. The  evidence  is  very  conflicting,  some  investigations  appear- 
ing to  prove  the  value  of  phosphorus,  and  others  exactly  the  reverse. 
While  I  believe  the  preponderance  of  evidence  is  against  the  value 
of  phosphorus,  I  do  not  believe  that  it  does  any  harm  when  prop- 
erly used.  The  best  preparation  is  phosphorated  oil,  one  minim  of 
which  contains  i/ii$  of  a  grain  of  phosphorus.  The  dose  for 
infants  is  from  one-half  to  one  minim  three  times  a  day,  after  meals. 
It  may  be  given  in  combination  with  one-half  to  one  drachm  of 
cod  liver  oil. 

The  only  symptom  in  rachitis  which  often  requires  treatment  is 
the  anemia.  The  treatment  is  with  iron,  as  in  any  secondary  anemia. 
Profuse  sweating  may  sometimes  be  relieved  by  atropine  in  doses 
of  1/800  of  a  grain. 

Treatment  of  Rachitic  Deformities. — This  is  for  the  most  part 
a  matter  for  the  orthopedist.  For  the  deformities  of  the  chest, 
breathing  exercises  and  gymnastics  are  employed.  The  kyphosis  can 
usually  be  overcome  by  postural  treatment,  massage,  and  exercises. 
The  deformities  of  the  extremities  are  either  outgrown,  or  surgical 
measures  are  required. 

PROBLEMS  AND  RESEARCH.— The  problems  connected  with 
the  study  of  rachitis  have  been  suggested  in  the  consideration  of 
the  etiology  of  the  disease.  At  the  present  time,  there  is  so  much 
activity  in  experimental  research  devoted  to  the  subject  of  rickets, 
and  medical  literature  is  so  full  of  the  discussion  of  the  subject, 
that  a  summary  of  the  most  important  recent  investigations  cannot 
fail  to  be  of  interest  to  the  student.  The  chief  reason  for  the  activity 
of  investigation  on  this  disease,  is  the  fact  that  research  has  given 
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to  the  investigator  a  definite  measure,  by  which  he  can  estimate  the 
results  of  his  experiments.  The  fact  of  a  negative  balance  in  the 
metabolism  of  the  bone  foiming  minerals — calcium  and  phospho- 
rus— in  the  active  stage  of  rachitis,  has  been  proven  beyond  doubt. 
The  great  increase  in  calcium  retention  above  the  normal  seen  dur- 
ing convalescence  has  also  been  established.  Consequently  the  ex- 
perimental investigator  is  not  dependent  only  upon  the  doutful 
results  of  clinical  observations,  but  can  measure  the  results  of  his 
experiments  by  the  effect  on  the  retention  of  calcium. 

One  of  the  first  steps  in  experimental  research  was  the  attempt 
to  produce  rickets  in  animals  by  using  a  food  deficient  in  calcium. 
In  many  instances  the  animals  became  clinically  rachitic,  but  the 
microscopic  and  chemical  examination  of  their  bones  disclosed  a 
condition  differing  from  true  rickets,  to  which  condition  Miwa  and 
Stoeltzner  gave  the  name  of  pseudorachitic  osteoporosis. 

Another  series  of  investigations  was  devoted  to  the  problem  as 
to  whether  the  lesions  of  human  rickets  are  due  to  a  primary  cal- 
cium deficit  in  the  food.  This  led  to  the  establishment  of  the  normal 
calcium  requirement  in  infants,  and  also  established  the  fact  that 
in  the  cow's  milk  modifications  used  in  artificial  infant  feeding,  there 
is  practically  never  a  calcium  deficit. 

Investigators  now  turned  their  attention  to  the  other  possibility, 
that  the  lesions  are  due  to  deficient  calcium  absorption.  The  loss 
of  calcium  in  such  a  case  must  be  due  to  abnormal  digestion.  A 
great  number  of  metabolism  experiments  showed  that  variations  in 
the  diet  have  an  influence  on  calcium  retention.  In  particular,  a 
diet  rich  in  fat  increased  calcium  loss.  None  of  the  experiments 
have  warranted  the  conclusion  that  decreased  calcium  absorption  is 
responsible  for  the  decreased  retention.  This  led  to  the  theory  of 
Stoeltzner,  outlined  above,  that  sufficient  calcium  is  absorbed,  but 
that  the  bone,  being  for  some  reason  unable  to  utilize  it,  the  calcium 
is  excreted  into  the  intestine. 

In  connection  with  the  problem  of  ultimate  etiology,  most  of  the 
theories  are  supported  by  clinical  and  statistical  evidence,  rather 
than  by  experimental  evidence.  Klose  and  Vogt,  and  Stoeltzner, 
support  the  theory  of  deficient  internal  secretion,  particularly  of  the 
thymus.  A  rachitic  condition  has  been  produced  experimentally  in 
animals  by  ablation  of  the  thymus.  Mettenheimer,  MatU,  and 
Rowland  repeated  the  experiments  and  were  unable  to  produce  rickets 
in  animals  by  removing  the  thymus.  There  is  at  present  certainly 
no  sure  foundation  for  a  thymic  origin  of  rickets. 

Some  writers  have  expressed  an  opinion  that  the  lesions  of  rickets 
suggest  the  action  of  a  bacterial  toxin,  rather  than  that  of  a  dis- 
turbance of  nutrition.  Marfan  pointed  out  that  probably  all  rach- 
itic children  have  some  focus  of  infection,  and  suggested  the  theory 
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of  an  intestinal  autointoxication.     Ribbert  also  advances  the  theory  ' 

of  a  toxemia  from  bacteria,  believing  that  all  attempts  to  connect  I 

rickets  with  a  special  anomaly  of  metabolism,  and  all  attempts  to 
make  it  amenable  to  specific  diet,  have  failed.  The  relation  of 
rickets  to  improper  feeding  is  explained  by  a  lowering  of  the  general 
resistance  against  infection.  There  has  been  some  experimental  work 
supporting  the  infectious  theory,  Koch  injected  the  streptococcus 
longus  into  young  animals,  and  an  acute  infection  followed  at  once, 
gradually  entailing  a  chronic  disease  of  the  bones  which  apparently  > 

was  the  same  as  rachitis  in  man.    He  believes,  however,  that  domes-  • 

tication  favors  the  development  of  the  disease,  as  the  dogs  allowed 
to  run  about  freely  did  not  develop  so  marked  a  degree  of  disturb- 
ance of  ossihcation  as  dogs  kept  in  stalls.  His  experience  confirms 
further  the  injurious  influence  of  secondary  infection  after  the  process 
of  normal  ossification  has  once  been  upset  by  the  acute  infection.  The 
ossification  centres  are  left  in  a  condition  of  lessened  resistance,  and 
an  intercurrent  whooping-cough,  intestinal  infection,  or  the  like,  adds 
fuel  to  the  flame.  He  believes  the  injurious  influence  of  infection 
alone,  without  calling  on  derangement  of  metabolism,  is  a  sufficient 
explanation  of  the  occurrence  of  rickets.  In  order  to  confirm  Koch's 
evidence,  further  research  is  necessary,  directed  at  showing  whether 
other  organisms  beside  the  streptococcus  longus  can  exert  this  malign 
influence  upon  ossification.  Study  of  the  pathological  changes  in  the 
skeleton  after  acute  infectious  diseases  in  children  might  also  throw 
some  light  upon  the  subject.  The  chief  objection  to  conclusions 
drawn  from  experimental  rickets  in  animals,  is  that  the  possible 
etiological  influence  of  lack  of  fresh  air,  exercise,  and  sunlight,  can- 
not be  excluded  in  the  conditions  under  which  such  experiments  are 
usually  carried  out. 

There  has  been  considerable  experimental  work  done  in  connec- 
tion with  the  dietetic  theory  of  the  etiology  of  rickets,  which  attrib- 
utes the  disease  to  improper  feeding.  1^  work  has  been  chiefly 
calcium    and    phosphorus   metabolism    experiments,    showing    the  : 

effects  of  various  diets  upon  the  retention  of  those  minerals.  An 
undoubted  influence  of  diet  upon  calcium  and  phosphorus  meta-  | 

holism  has  been  demonstrated,  but  the  result  still  lacks  the  links  I 

necessary  to  positively  connect  it  with  rachitis.    The  production  of  f 

experimental  rickets  in  animals  by  any  specific  method  of  feeding, 
has  not  been  conclusively  attained.  Orgler's  conclusions  are  perhaps 
the  most  noteworthy;  he  believes  that  there  are  two  important  con- 
ditions which  regulate  calcium  assimilation,  (i)  the  ability  of  the 
tissue  to  assimilate  it,  which  depends  on  the  intermediary  meta- 
bolism concerning  which  nothing  is  known;  and  (3)  the  composition 
of  the  food. 

In  favor  of  the  "hygienic"  or  "domestication"  theory  of   the 
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etiology  of  rickets,  in  which  the  factors  of  overcrowding,  insufficient 
air,  lack  of  exercise,  and  deprivation  of  sunlight  are  considered  essen- 
tial the  evidence  is  mainly  statistical.  While  statistical  evidence  is 
usually  of  less  value  than  experimental  evidence,  some  of  the  re[>orts, 
such  as  Findlay's  statistical  investigation  of  from  400  to  500  rachitic 
children  in  the  city  of  Glasgow,  are  very  convincing.  In  pursuing 
this  study  Findlay  investigated  the  possible  r61e  of  the  following 
factors:  (i)  the  length  of  the  time  the  child  was  breast-fed;  (2)  the 
order  of  the  child  in  the  family;  (3)  the  condition  of  the  bowels  pre- 
vious to  the  onset  of  the  trouble;  (4)  the  amount  of  air  space  in  the 
house  allowed  to  the  child;  (5)  the  number  of  stairs  to  be  moimted 
to  reach  the  house,  and  finally  (6)  whether  or  not  the  child  has  been 
taken  much  out  doors.  There  is  also  experimental  evidence  in 
favor  of  the  hygienic  theory.  Kochmann  and  Petzsch  have  recently 
demonstrated  experimentally  that  under  otherwise  normal  conditions 
of  Hfe,  lack  of  exercise  prevents  the  retention  of  a  sufficient  amount 
of  calcium.  Raczynski  has  shown  also  that  less  calcium  was  retained 
in  dogs  deprived  of  sunlight. 

A  great  quantity  of  experimental  work  has  been  done  on  the  thera- 
peutic value  of  the  "phosphoriebertran,"  the  combination  of  phos- 
phorus with  cod  liver  oil  so  widely  used  in  Germany.  Most  promi- 
nent is  the  work  of  Schabad.  All  these  investigations  consist  in 
metabolism  experiments  on  rachitic  children,  in  which  was  studied 
the  influence  of  phosphorus  alone,  cod  liver  oil  alone,  the  two  com- 
bined, and  other  oils  substituted  for  cod  liver  oil,  ujx>n  the  meta- 
bolism of  calcium,  phosphorus,  nitrogen,  fat,  and  other  salts.  The 
results  of  all  this  work  have  been  very  contradictory.  Kissel  found 
in  animal  experiments,  that  phosphorus  had  no  influence  on  the 
osseous  tissue.  Birk  and  Schabad  both  concluded  that  while  phos- 
phorus has  no  beneficial  action  in  healthy  children,  the  combina- 
tion of  phosphorus  and  cod  liver  oil  increases  the  retention  of  phos- 
phorus and  calcium  in  rachitic  children.  Later  work  showed  appar- 
ently that  the  effects  are  variable,  or  that  there  was  no  influence  at 
all  in  acute  rickets.  The  most  recent  investigation  is  a  very  elabo- 
rate series  of  metabolism  experiments  by  Schloss  of  Berlin,  which 
were  carried  out  in  rachitic  breast-fed  infants  in  order  to  exclude 
the  possible  disturbing  influence  of  diet.  He  found  that  the  phos- 
phoriebertran had  no  favorable  influence  on  the  rachitic  metabolism, 
except  when  combined  with  calcium  acetate,  when  the  favorable 
effects  on  the  caldimi  and  phosphorus  balance  were  very  striking. 
It  does  not  seem  probable  that  alt  this  work  is  likely  to  lead  to  any 
very  positive  results,  but  it  is  probable  that  the  Uterature  of  the 
next  few  years  will  continue  to  be  largely  occupied  by  the  results 
of  metabolism  and  animal  experiments. 


perimentation,  are  known  as  to  the  etiology  of  the  disease. 

Leaving  aside  the  scurvy  of  adults,  such  as  develops  among  the 
members  of  polar  expeditions,  scurvy  is  exclusively  a  disease  of 
infancy,  and  is  never  seen  in  older  children.  It  occurs  most  fre- 
quently between  the  ages  of  six  months  and  fifteen  months,  though 
a  few  cases  are  seen  earlier  than  six  months.  It  is  probable  that 
the  presence  in  the  infant  at  birth  of  antiscorbutic  substances  accounts 
for  the  time  of  appearance  of  the  disease,  as  the  disease  frequently 
develops  at  seven  to  ten  months  after  feeding  with  the  same  diet 
from  the  time  of.  birth.  The  period  when  the  disease  occurs  is  just 
when  antiscorbutic  substances  might  be  expected  to  be  exhausted, 
and  just  before  they  are  renewed  by  a  more  varied  diet. 

Clinical  observations  suggest  the  following  conclusions:  First,  the 
hygienic  surroundings  have  no  influence  whatever  in  the  production 
of  scurvy.  The  disease  is  fully  as  common,  if  not  more  common, 
in  the  infants  of  well-to-do  parents  brought  up  under  the  best  hygi- 
enic conditions.  Second,  there  is  not  the  slightest  evidence  that 
previous  disease,  either  acute  or  chronic,  has  any  influence  as  a 
predisposing  cause,  and  there  is  no  evidence  of  any  association  with 
bacterial  infection.  Third,  there  is  no  evidence  that  digestive  dis- 
turbance is  a  predisposing  cause.  Fourth,  clinical  experience  shows 
a  distinct  association  between  the  occurrence  of  scurvy  and  the 
diet,  and  a  very  rapid  recovery  under  exclusively  dietetic  treatment. 

It  therefore  appears  that  scurvy  is  due  to  a  dietetic  error.  Further- 
more, clinical  experience  suggests  that  the  error  in  the  diet  is  pro- 
longed, and  that  it  is  not  of  such  a  character  as  to  disturb  the  func- 
tion of  digestion.     This  strongly  suggests  that  the  improper  feature 
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of  the  diet  is  not  an  excess  of  any  food  element,  but  rather  the  lack 
of  some  essential  element  in  the  food. 

Scurvy  is  very  much  more  common  in  artificially-fed  infants  than 
in  breast-fed.  It  is  seen,  however,  in  breast-fed  infants.  The  occa- 
sional occurrence  of  the  disease  in  breast-fed  infants,  and  the  fact 
that  it  does  not  always  occur  in  the  artificially-fed,  proves  that  the 
disease  is  not  due  to  the  lack  of  some  element  found  only  in  human 
milk,  and  the  frequency  of  the  occurrence  of  scurvy  in  the  artificially- 
fed  is  probably  to  be  explained  by  the  great  variety  of  artificial 
food-combinations  in  use,  which  allows  a  greater  opportunity  for  the 
lack  of  a  sufficient  amount  of  some  essential  antiscorbutic  substance. 
The  analysis  of  a  series  of  cases  of  scorbutus  with  reference  to  the 
.diet  has  been  undertaken  from  time  to  time,  notably  by  a  com- 
mittee of  the  American  Pediatric  Society  in  1898,  and  since  then 
by  various  observers.  These  studies  have  shown  no  definite  and 
constant  relation  between  scurvy  and  any  particular  dietary  error, 
which  would  point  to  the  particular  element  which  is  lacking,  but 
they  are  nevertheless  very  suggestive. 
■  There  is  no  suggestion  of  any  connection  between  scurvy  and  a 
lack  of  fat,  carbohydrate,  protein,  or  any  mineral  salt.  Scurvy 
occurs  most  frequently  in  infants  fed  for  a  long  time  on  proprietary 
foods  prepared  without  milk.  It  occurs  next  in  frequency  in  infants 
fed  on  foods  containing  milk,  but  which  have  been  prepared  by  the 
use  of  heat.  This  suggests  that  the  substance  of  which  the  lack 
causes  scurvy,  is  contained  in  milk,  and  that  it  is  unfavorably  in- 
fluenced by  heat. 

The  statistical  evidence  as  to  whether  the  heating  of  milk  is  a 
factor  in  the  production  of  infantile  scurvy  is  conflicting  and  incon- 
clusive. In  general,  the  weight  of  evidence  points  toward  the  con- 
clusion that  heating  is  an  important  etiological  factor.  In  most 
series,  the  statistics  show  that  the  larger  proportion  of  cases  occurred 
in  babies  fed  on  heated  milk.  Nevertheless,  while  scurvy  occurs 
more  frequently  in  babies  taking  condensed  milk,  or  boiled  milk,  or 
pasteurized  milk,  it  also  occurs  in  breast-fed  babies  and  in  babies 
fed  on  raw  milk.  This  suggests  that  the  heating  of  milk,  even  if 
it  is  of  importance,  is  not  tie  sole  etiological  factor.  The  fact  that 
scorbutus  does  not  always  appear  when  babies  are  fed  on  heated 
milk,  suggests  that  the  antiscorbutic  elements  are  not  all  completely 
destroyed  by  heat.  There  is  evidence  that  the  degree  of  heat,  the 
length  of  the  heating,  and  the  time  which  elapses  after  heating 
before  use,  all  have  an  influence.  Several  series  show  that  more 
cases  are  seen  in  babies  fed  on  milk  sterilized,  boiled,  or  scalded,  than 
on  milk  simply  pasteurized.  Plantanza  observed  that  scurvy  devel- 
oped more  frequently  with  heated  milk,  but  not  when  fresh  milk 
was  heated  and  used  at  once. 
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There  have  been  some  animal  experiments  on  the  effects  of  raw 
and  heated  milk,  but  they  are  few  and  inconclusive. 

If  heat  is  a  factor,  we  must  assume  that  it  may  wholly  or  partially 
destroy  the  antiscorbutic  element  or  elements  in  the  milk,  and  thus 
produce  a  deficiency.  The  occurrence  of  scurvy  in  breast-fed  babies, 
and  in  babies  fed  on  raw  milk,  can  be  explained  on  the  ground  of 
a  deficiency  of  the  same  essential  element  from  some  other  cause. 
In  breast-fed  infants  such  deficiency  must  be  due  to  an  anomaly 
of  lactation.  It  is  possible  that  dietetic  error  in  the  mother  may 
account  for  the  deficiency  of  her  milk,  but  there  is  as  yet  little  evi- 
dence in  support  of  such  a  theory.  In  artificial  feeding,  the  methods 
of  cow's  milk  modification  consist  largely  in  dilution,  and  it  is  easily 
conceivable  how  a  deficiency  of  some  essential  element  can  thus  be 
brought  about.  In  my  own  clinical  experience,  scurvy  has  occurred 
in  a  number  of  babies  fed  on  raw  milk,  but  in  every  case,  the  diges- 
tive peculiarities  of  the  baby  required  a  particularly  dilute  food,  or 
the  over-aiudety  of  a  nurse  or  mother  caused  her  to  dilute  the  food 
without  sufficient  reason.  I  believe  that  to  dilute  a  cow's  milk  modi- 
fication is  an  important  etiological  factor  in  the  occurrence  of  scurvy, 
and  that  dilution  as  well  as  heat  may  cause  a  deficiency  of  the  essen- 
tial antiscorbutic  substance. 

The  nature  of  the  essential  element  or  antiscorbutic  substance,  the 
lack  of  which  probably  causes  scurvy,  remains  unknown.  There  have 
been  a  number  of  investigations  on  animals,  in  which  scorbutus  has 
been  produced  experimentally.  They  have  shown  conclusively  that 
scurvy  is  not  due  to  simple  starvation,  nor  to  the  prolonged  use  of 
a  single  article  of  food.  They  strongly  support,  however,  the  theory 
of  the  dietetic  origin  of  the  disease,  and  also  strongly  suggest  that 
when  scurvy  develops  as  the  result  of  the  continuous  use  of  any 
single  food,  it  is  not  the  presence  in  the  food,  but  the  absence  in  the  food, 
of  some  substance  which  causes  the  disease.  These  experiments  also 
suggest  that  this  substance  can  be  partially  or  wholly  destroyed 
in  various  foods  by  heating  or  drying.  They  throw  no  light  on 
whether  there  are  one  or  more  antiscorbutic  substances,  or  on  their 
nature. 

One  factor  remains  to  be  considered.  Scurvy  does  not  develop 
in  all  babies,  in  which  the  same  prolonged  error  in  diet  is  present. 
This  suggests  that  there  must  be  a  constitutional  predisposition 
which  renders  the  production  of  scurvy  easier  in  some  individual 
babies.  Such  a  factor  probably  plays  some  part.  Hess'  recent 
investigation  suggests  a  connection  between  a  predisposition  to 
scurvy  and  the  so-called  "exudative  diathesis"  of  Czerny.  This  has 
not  yet  been  confinned  by  other  writers. 

PATHOLOGICAL  ANATOMY.— The  most  striking  gross  lesion 
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is  hemorrhage,  and  the  most  characteristic  site  of  hemorrhage  is 
under  the  periosteum  of  the  bones.  The  subperiosteal  hemorrhage 
may  affect  any  of  the  bones  of  the  body,  but  the  most  commonly 
affected  are  the  long  bones  of  the  lower  extremities.  These  hemor- 
rhages are  often  very  extensive,  and  may  run  the  entire  length  of 
the  bone.  The  periosteum  in  severe  cases  may  be  entirely  separated 
from  the  shaft  by  the  extravasated  blood,  remaining  attached  only 
to  the  epiphyses.  The  epiphyses  may  also  be  separated  from  the 
shaft.  While  subperiosteal  hemorrhage  is  so  common  as  to  be  prac- 
tically constant,  hemorrhages  may  occur  in  other  parts  of  the  body. 
The  most  common  location  is  in  the  gums  of  infants  having  teeth. 
Hemorrhage  may  also  occur  into  the  skin,  between  the  muscles,  and 
into  the  cellular  tissue  around  the  joints,  although  the  joints  them- 

FiG.  94 


selves  are  usually  normal.  Hemorrhage  may  also  occur  in  any  of 
the  internal  organs;  hematuria  is  the  commonest  form.  Hemorrhage 
into  the  cellular  tissue  of  the  orbit,  pushing  the  eye  forward,  is  seen 
at  times,  as  are  also  small  hemorrhages  beneath  the  pleura,  pericar- 
dium, or  peritoneum. 

Microscopic  changes  are  confined  mainly  to  the  bones.  The 
lesions  differ  from  that  of  rickets  in  that  it  is  the  tissue  of  the  bone 
marrow  which  is  mainly  affected.  The  myeloid  tissue  proper  does 
not  develop,  so  that  the  bone  marrow  is  poor  in  cellular  elements. 
The  connective  or  supporting  tissue  increases  at  the  ejq>ense  of  the 
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myeloid  cells  and  blood  vessels,  and  forms  a  homogeneous  ground 
substance  which  contains  numerous  stellate  and  spindle-shaped  cells. 
These  changes  are  most  marked  at  the  ends  of  the  diaphysis  of  the 
long  bones,  and  at  the  ends  of  the  ribs.  As  a  result,  the  ftmction  of 
the  osteoblasts  is  interfered  with,  calcification  is  diminished,  and  the 
cortex  of  the  bone  becomes  thinner  and  more  brittle.  The  density 
of  the  bone  is  particularly  diminished  near  the  epiphyseal  line,  but 
there  is  also  an  area  of  increased  density  at  this  point,  forming  the 
"white  line"  seen  in  roentgenograms. 

The  weight  of  American  and  English  opinion  di&ers  from  that  of 
many  European  authorities  on  the  interpretation  of  the  lesions  of 
scorbutus.  Most  European  authorities  regard  the  changes  in  the 
bone  marrow  as  primary,  leading  to  interference  with  the  hemato- 
poetic  function  of  the  tissue,  and  consider  that  this  leads  to  progres- 
sive anemia  and  the  "hemorrhagic  diathesis."  This  view  regards 
the  hemorrhage  as  a  secondary  lesion.  American  opinion  regards 
the  hemorrhage  as  an  early  and  essential  effect  of  the  cause  which 
produces  the  disease.  Scurvy  is  thus  essentially  a  hemorrhagic 
disease,  and  studies  on  the  blood  suggest  that  the  lesion  is  not  due 
to  any  change  in  the  blood,  but  to  a  change  in  the  blood  vessels. 
Under  this  view,  the  same  cause  produces  changes  in  both  the  bone 
marrow  and  the  blood  vessels. 

SYMPTOMS.— The  symptoms  of  infantile  scorbutus  are  those 
of  a  slow  and  progressive  cachexia.  The  infants  become  pale,  and 
show  more  or  less  gastro-enteric  disturbance  of  a  functional  type. 
Profuse  sweating,  especially  about  the  head,  at  times  slight  feverish 
attacks,  and  lessened  appetite,  are  among  the  early  symptoms.  The 
temperature  may  be  from  time  to  time  slightly  raised,  but  not  sig- 
nificantly so.  The  first  symptom,  however,  which  especiaUy  attracts 
the  attention  is  a  sensitive  condition  of  the  bones.  The  infant  cries 
when  the  affected  parts  are  touched.  It  does  not  seem  to  suffer 
pain  when  it  is  allowed  to  remain  quiet,  but  as  the  disease  advances 
the  expression  of  its  face  indicates  the  fear  of  being  handled.  At 
this  stage,  pressure  over  the  legs  or  thighs  will  usually  elicit  signs 
of  tenderness. 

As  the  disease  progresses,  more  marked  symptoms  develop.  Swel- 
lings of  the  limbs,  usually  of  the  diaphyses  just  near  the  epiphyses, 
appear.  These  swellings  are  most  common  and  most  prominent  in 
the  legs,  but  may  also  appear  in  the  bones  of  the  forearm.  They  are 
usually  pyriform  and  symmetrical  in  shape,  the  skin  over  the  swel- 
ling being  more  or  less  tense,  but  not  fluctuating.  There  is  commonly 
marked  tenderness  on  pressure,  but,  as  a  rule,  no  especial  heat  of 
the  affected  part.  The  pain  and  swelling  do  not  seem  to  be  in  the 
joint,  but  in  the  diaphysis  and  epiphysis. 
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The  symptom  second  in  frequency  to  tenderness  and  swelling  over 
the  bones  of  the  legs,  is  hemorrhage  into  the  gums.  This  is  only 
seen  when  an  infant  has  teeth,  or  when  the  teeth  are  just  beneath  the 
surface.  The  mucous  membrane  of  the  gums  at  the  free  margin  of 
the  teeth  becomes  reddened  and  soon  begins  to  swell.  The  nor- 
mal   curve  of  the  gum  becomes  almost  a  straight  line  and   covers 

Fig.  OS 


Infantile  scorbutus  in  »□  infant  of  9  months,  showing  eitreme  sub-periosteal  bemoi- 
rliBges  of  both  femora,  with  slight  aSection  of  the  lower  ends  of  both  tibiae 

the  lower  part  of  the  teeth.  The  gums  in  the  space  between  the 
teeth  remain  unaltered  at  first.  The  mucous  membrane  then  begins 
to  change  in  color  and  becomes  purplish.  Extreme  congestion  and 
softening  of  the  tissues  allow  hemorrhage  to  take  place  from  the 
slightest  pressure.    Even  when  there  are  no  teeth,  when  a  tooth 
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is  pressing  on  a  gum  and  is  almost  through,  or  when  a  small  portion 
of  a  tooth  has  penetrated  the  gum,  small  areas  of  congested  mucous 
membrane  appear,  and  are  of  great  aid  in  the  diagnosis. 

The  symptom  next  in  frequency  is  the  hemorrhage  into  the  skin. 
These  may  occur  in  any  part  of  the  body,  in  any  number  or  dis- 
tribution. The  commonest  lesions  are  scattered  small  bluish  macules. 
These  may  involve  larger  areas,  forming  at  times  extenave  ecchy- 
moses,  and  occasionally  the  eyeball  may  be  pushed  forward  by 
hemorrhage  into  the  orbit. 

The  commonest  symptom  of  internal  hemorrhage  is  hematuria. 
This  is  seen  in  quite  a  large  proportion  of  severe  cases.  Occasion- 
ally it  is  the  earliest  and  most  prominent  symptom. 

Anemia  is  slight  in  the  early  stages  of  the  disease,  but  often 
becomes  marked  in  advanced  cases.  The  blood  shows  the  ordinary 
characteristics  of  a  secondary  anemia. 

Fig.  96 


Infantile  scorbutus.    (Second  month  of  dbease.}    Female,  10  months  old 

In  addition  to  the  symptoms  of  pain  and  tenderness,  the  infant  keeps 
the  affected  limb  perfectly  still,  so  that,  unless  it  were  understood 
that  it  is  pain  which  prevents  it  from  moving  the  limb,  it  might  be 
supposed  that  it  was  paralysis;  in  fact,  this  symptom  in  scorbutus 
has  been  termed  pseudo-paralysis.  It  has  nothing  to  do  with  true 
paralysis,  and  corresponds  to  what  is  seen  in  rheumatic  affections 
of  the  joints. 

DIAGNOSIS. — The  diagnosis  of  infantile  scorbutus  is  usually  not 
difficult,  if  the  characteristic  symptoms  of  the  disease  be  kept  in 
mind.  The  chief  cause  of  errors  in  diagnosis,  is  the  fact  that  the 
frequency,  or  even  the  very  existence,  of  infantile  scurvy  is  often 
forgotten.  The  existence  of  tenderness  over  the  bones,  especially 
over  more  than  one  bone,  in  an  infant  between  six  and  eighteen 
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months,  is  always  suspicious  of  scurvy.  If  there  is  evidence  of  heme 
rhage  in  any  other  part  of  the  body,  the  probability  of  scurvy 
greatly  strengthened.  The  association  of  tenderness  over  the  liml 
with  reddened,  swollen  gums  is  diagnostic.  When  the  characterist 
lesion  of  the  gums  is  absent,  the  differentiar  diagnosis  of  scurvy 
mainly  based  on  the  absence  of  the  characteristic  signs  of  oth 
conditions  for  which  scurvy  might  be  mistaken. 

F1C.97 


Scorbutus.    Tbe  plate  shows  the  "  white  line  " 

The  X-ray  Endings  in  scurvy  are  also  characteristic.  The  earli 
sign  is  the  so-called  "white  line,"  an  area  of  increased  density  at  I 
junction  of  the  epiphysis  and  the  diaphysis.  This  is  almost  o 
stant  in  scurvy,  but  is  also  seen  in  some  other  conditions.  Usua 
the  thickening  of  the  periosteum,  and  its  separation  from  the  sh 
by  hemorrhage,  can  be  made  out  in  roentgenograms. 

The  diagnosis  of  infantile  scorbutus  is  to  be  made  from  rheuma 
fever,  rachitis,  purpura,  syphilis,  acute  anterior  poliomyelitis,  tut 
culous  joint  disease,  osteo-myelitis,  sarcoma,  and  acute  nephritis 

Rheumatic  Fever. — Scurvy  is  most  frequently  confounded  yt 
rheumatic  fever.  In  view  of  the  extreme  rarity  of  rheumatism 
infants,  especially  under  one  year,  pain,  tenderness,  and  swell 
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Fic.  98 — Scorbutus,    The  plate  shows  enormous  subperioste&l  hemonlwges 
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Fig.  99 — Scorbutus.     Showing  large  subpeiioateol  hemorrhages 
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of  the  limbs  in  an  infant  should  always  suggest  scurvy.  In  scurvy, 
careful  examination  will  usually  show  that  the  tenderness  is  con- 
nected with  the  bones  rather  than  with  the  joints. 

Rachitis.  —In  cases  of  scorbutus  not  complicated  by  coexistent 
rickets,  the  diagnosis  is  based  on  the  absence  of  the  characteristic 
signs  of  rickets,  such  as  the  rosary,  enlarged  epiphyses,  rachitic  bead, 
and  so  forth.  In  cases  in  which  rickets  is  also  present,  the  recog- 
nition of  scurvy  is  sometimes  more  difficult.  If  the  characteristic 
lesion  of  the  gums  is  present,  or  if  there  are  ecchyraoses  on  the  skin, 
or  hematuria,  the  existence  of  scurvy  can  be  recognized  at  once. 

Fic  loo 


Scorbutus.     Showinf;  small  subpenosCea!  hemorrhages 

If  these  confirmatory  signs  are  absent,  the  physician  should  remember 
that  tenderness  is  a  rare  symptom  in  rickets,  but  always  constant  in 
scurvy.  The  swelUng  near  the  epiphysis  in  scurvy  can  usually  be 
distinguished  from  the  enlargement  of  the  epiphysis  in  rickets.  Doubt- 
ful cases  should  be  treated  for  scurvy,  and  the  rapid  response  to 
treatment  will  confirm  the  diagnosis.  The  question  can  almost 
always  be  positively  settled  by  X-ray  examination. 

PuBPUBA. — This  disease  is  characterized  by  hemorrhage,  particu- 
larly into  the  skin.  It  is  very  rare  in  infants.  It  can  usually  be 
excluded  by  the  tenderness  of  the  shafts  of  the  long  bones  in  scurvy. 


386 


CONSTITUnONAI-   DISEASES 


Syphu-is. — Occasionally  cases  of  syphilis  are  seen  in  infanqr,  char- 
acterized bv  painful  swellings  about  the  ends  of  the  long  bones,  due 
to  syphilitic  osteo-chondritis.  This  condition  can  usually  be  ex- 
cluded either  by  the  absence  of  other  signs  characteristic  of  syphilis 
and  described  imder  that  disease,  or  by  the  presence  of  the  char- 
acteristic lesions  of  the  gums  or  of  hemorrhages  in  some  other  part 
of  the  body.  Examination  by  roentgenogram  will  also  make  dear 
the  distinction  between  the  two  conditions.  It  should  also  be  re- 
membered that  syphilitic  osteo-chondritis  usually  occurs  before  the 
fifth  month. 

PouoMYELms. — The  imwillingness  of  infants  to  move  the  limbs 
has  led  to  scurvy  being  mistaken  for  poliomyelitis.  Careful  examina- 
tion will  show  that  in  scurvy  the  condition  is  only  a  pseudo-paralysis. 
Poliomyelitis  is  a  febrile  disease  of  acute  onset,  but  this  stage  is  often 
overlooked.  There  may  be  pain  on  motion  in  poliomyehtis,  but  there 
is  usually  no  tenderness  to  pressure  as  in  scurvy.  When  any  other 
signs  of  scurvy  are  present,  there  should  be  no  difficulty  in  recog- 
nizing the  condition. 

Tuberculous  Joint  Disease. — This  condition  shows  pain  on  mo- 
tion, with  muscular  spasm,  but  usually  no  tenderness  to  pressure 
over  the  bone.  Swelling,  when  present,  is  in  the  joints  in  tubercu- 
losis, not  over  the  bone,  as  in  scurvy.  The  presence  of  hemorrhage 
elsewhere  is  diagnostic  of  scurvy.  Roentgenograms  will  settle  the 
diagnosis  in  doubtful  cases. 

Osteo-Sarcoma. — I  have  seen  cases  of  scurvy  in  which  the  swel- 
ling was  mainly  confined  to  one  limb  and  very  large,  mistaken  for 
osteo-sarcoma.     The  other  signs  of  scurvy  were  present,  but  over- 
looked.    The  extreme  tenderness  of  the  swelling  is  the  characteristic 
feature  of  scurvy. 

Osteomyelitis.— Scurvy  is  frequently  mistaken  for  osteomye- 
litis by  those  who  forget  the  possibiUty  of  die  former.  Osteomye- 
litis is  usuaUy  confined  to  one  limb,  is  characterized  by  a  continued 
high  febrile  reaction,  and  by  leucocytosis,  and  lacks    the  tendency 

settle^K     v^""  ^  ""^^^^  P^"^  ^^  ^^^  ^"^y-     The  diagnosis  can  be 
settled  by  X-ray  examination. 

andT?.^^'*^"'""^^^^'^  ''  ^^^^'^  ^^^^  i^  the  urine  in  scurvy, 
mbtaken  f   '''''  ^^"^"  '.!'  ^^^^  hematuria  was   the  only  symptom, 

a  1  p^Tio  Lu^'"^^  "'  ^^^'  ^^^  ^^-  absence  of  many  casts, 

PROOMOQTQ      o      i_  imdiiy  coniirm  the  diagnosis. 

1  .f^'^^^S^S.— Scorbutus  is   verv  variablf^    ir.    v     ^       !•         n 
left  untreated   all  fh^  cxr^v,^*  ^  vanaoie    in   its    duration.    If 

the  infant  mV  L^fJ^^^^^^^      T^  ^^^^^^  "^ore  pronounced  and 

ay  finally  die  of  exhaustion.     When  properly  treated, 
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and  uncomplicated  by  any  other  disease,  the  prognosis  is  very  favor- 
able. There  is  no  disease  in  which  the  favorable  reaction  to  treat- 
ment is  more  rapid.  Tenderness  disappears  almost  at  once,  and 
the  hemorrhages  into  the  gums,  skin,  and  urine,  clear  up  very  rapidly. 
The  swelling  over  the  bones  caused  by  subperiosteal  hemorrhage  per- 
asts  somewhat  longer,  but  recovery  is  always  finally  complete.  The 
only  danger  in  scorbutus  comes  from  the  disease  remaining  so  long 
unrecognized,  that  the  vitality  of  the  infant  has  been  greatly  low- 
ered. In  such  cases,  death  may  occur  from  gastro-intestinal  disease 
or  intercurrent  infection. 

TREATMENT. — The  treatment  of  infantile  scorbutus  is  very 
simple  and  consists  in  two  things,  plenty  of  raw  milk,  and  orange 
juice.   , 

Fresh  cow's  milk  should  be  used,  modified  to  suit  the  pecuUarities 
of  the  infant's  digestive  powers  and  requirements.  It  is  advisable 
that  the  infant  should  take  as  much  milk  as  he  can  digest,  and  there- 
fore the  modification  should  be  made  as  strong  as  is  possible  without 
producing  signs  of  indigestion.  Slightly  undigested  or  green  move- 
ments should  not  be  a  contraindication  to  giving  a  strong  food,  pro- 
vided that  these  symptoms  are  not  increasing.  A  good  milk  supply 
is  essential,  in  order  to  avoid  the  necessity  of  pasteurization,  which 
is  contraindicated  in  scurvy,  unless  a  good  milk  supply  cannot  be 
obtained.    In  such  a  case,  a  wet-nurse  should  be  engaged  if  possible. 

With  a  diet  of  raw  milk,  or  human  milk,  complete  recovery  will 
occur  without  further  treatment.  The  process  of  recovery  will, 
however,  take  considerable  time,  and  can  be  much  hastened  by 
the  addition  of  fresh  fruit  juice  to  the  diet.  The  juice  of  any  ripe 
fruit  is  effective,  but  orange  juice  is  to  be  preferred,  as  it  can  be  easily 
obtained,  and  babies  usually  like  it.  It  rarely  disturbs  digestion,  and 
is  less  likely  to  do  so  when  given  in  a  single  daily  dose  than  when 
given  in  divided  doses  before  each  feeding,  as  is  usually  recommended. 
The  daily  dose  should  be  one  ounce,  given  an  hour  before  the  morn- 
ing feeding.  It  may  be  diluted  or  sweetened,  if  taken  better  in 
this  way.  Orange  juice  is  all  that  is  necessary  to  effect  a  complete 
and  rapid  cure  of  scurvy.     No  drug  has  any  influence  upon  the 


In  older  children,  whose  diet  contains  other  things  than  milk, 
potato  is  a  valuable  antiscorbutic,  if  it  can  be  digested.  All  fresh 
vegetables  which  can  be  given,  are  also  antiscorbutic.  These  things 
should  only  be  given,  however,  when  the  patient  has  reached  the 
age  which  permits  their  introduction  into  the  diet. 

In  the  prophylaxis  of  scorbutus,  the  principal  thing  is  the  avoid- 
ance of  the  patent  foods,  and  all  foods  prepared  by  heat.  If  babies 
are  breast-fed,  they  will  almost  never  develop  scorbutus.    The  ques- 


ana  arying  nave  oeen  aemonstraEca.  umer  ooservers  nave  con- 
finned  and  extended  these  results  None  of  these  experiments  has 
thrown  any  light  on  the  nature  of  the  antiscorbutic  bodies,  although 
efforts  have  been  made  to  isolate  them  by  extraction,  dialysis,  and 
other  methods. 

A  few  studies  have  been  made  on  the  metabolism  of  scurvy.  While 
the  results  are  interesting,  they  have  as  yet  thrown  no  light  on  the 
essential  nature  of  the  disturbance  seen  in  the  disease. 

Hess  and  Fish  have  recently  published  an  interesting  study  bear- 
ing on  the  question  of  the  cause  of  the  hemorrhages  in  scurvy.  They 
studied  the  coagulation  factors  in  infantile  scurvy,  and  were  unable 
to  demonstrate  any  marked  decrease  in  the  coagulation  time  of  the 
blood.  There  was  no  evidence  of  calcium  deficiency  or  of  antithrom- 
bin  excess,  and  the  platelet  count  was  normal.    They  then  studied 
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the  blood  vessels  by  means  of  what  they  terra  the  "  capillary  resist- 
ance test,"  which  consists  of  binding  a  limb  in  such  a  way  as  to 
increase  the  blood  pressure  in  the  vessels,  and  observing  the  occur- 
rence of  hemorrhage.  They  found  that  there  was  a  weakness  of  the 
vessel  walls  in  scurvy;  this  is,  however,  not  pathognomonic  of  scurvy, 
but  is  found  in  other  hemorrhagic  diseases.  This  work  supports  the 
theory  that  the  hemorrhages  of  scurvy  are  not  due  to  changes  in  the 
blood  secondary  to  disease  of  the  bone  marrow,  but  are  due  to  a  con- 
dition of  the  blood  vessels  which  is  a  primary  manifestation  of  the 
disease. 

The  Vitamins. — The  subject  of  scorbutus  cannot  be  concluded 
without  reference  to  the  interesting  and  suggestive  theories  of  Funk, 
published  in  1914.  He  believes  that  there  exists  in  food  certain 
substances  which  play  an  important  r61e  in  physiology  and  pathol- 
ogy, and  which  he  calls  vitamins-  He  believes  that  these  substances 
are  essential  to  proper  metabolism  and  nutrition,  and  that  their 
absence  causes  certain  diseases,  such  as  scorbutus,  beriberi,  pellagra, 
and  rickets.  He  calls  these  diseases  the  "avitaminoses."  He  shows 
from  his  own  work  and  that  of  others  that  milk  contains  substances 
which  favor  the  growth  of  young  animals,  and  attributes  the  develop- 
ment of  scurvy  in  infants  to  the  taking  of  food  not  containing  milk, 
or  containing  an  insufficiency  of  milk,  or  consisting  of  heated  milk. 
He  believes  that  the  vitamins  are  the  substances  which  are  sensitive 
to  heat;  also  that  at  times,  raw  milk  or  even  breast-milk  contains 
an  insufficiency  of  vitamins.  He  advances  evidence  to  show  that 
the  amount  of  vitamins  in  cow's  milk  varies  with  the  food  of  the 
cows;  cow's  milk  contains  less  of  the  vitamins  in  winter  when  the 
cows  are  eating  dry  fodder  than  in  the  summer  when  their  fodder 
is  green.  He  also  calls  attention  to  a  diminution  of  the  vitamins 
in  the  milk  of  women  who  are  underfed. 

The  premises  of  Funk's  conclusions  are  not  yet  established  facts. 
Nevertheless  the  theory  fully  covers  and  explains  all  the  clinical  and 
experimental  facts  which  have  been  established  as  to  scurvy.  It 
is  possible  that  the  subject  of  the  vitamins,  and  the  etiological  rela- 
tionship of  scurvy  to  such  diseases  as  beriberi  and  pellagra,  will  be 
the  subject  of  much  study  in  the  next  few  years. 

PURPURA 

The  term  purpura  is  retained  here  chiefly  on  account  of  its  fre- 
quent appearance  in  pediatric  literature.  Purpura  is  not  a  disease, 
but  a  symptom-complex,  characterized  by  a  tendency  to  sponta- 
neous hemorrhage.  Many  writers,  especially  in  Europe,  recognizing 
the  great  variety  of  conditions  in  which  hemorrhages  occur,  call  this 
syndrome  characterized  by  a  tendency  to  hemorrhage  the  "  hemor- 


turoance,  or  oi  tne  action  oi  toxin,  it  is  tor  tms  reason  tnai  tne 
primary  purpuras  are  classified  among  the  disturbances  of  nutrition 
and  metabolism. 

SYMPTOMATIC  PURPURA 

ETIOLOGY. — The  various  known  diseased  conditions  in  which 
symptomatic  purpura  is  seen  at  times,  suggest  the  following  factors 
in  etiology: — Infection,  toxemia,  nutritional  disturbance,  and  disease 
of  the  blood.  Mechanical  hemorrhages,  such  as  are  seen  in  pertussis 
and  epilepsy,  are  also  sometimes  classed  as  purpura.  At  times  after 
protracted  illness,  when  patients  first  stand  or  walk,  hemorrhagic 
spots  appear  on  the  lower  extremities.  It  is  probable  that  in  such 
cases  the  cause  Is  partly  nutritional  and  partly  mechanical. 

Intection.— Purpura  is  often  seen  as  a  symptom  of  various  known 
acute  infections.  It  Is  most  constant  as  a  symptom  in  malignant 
endocarditis,  but  is  sometimes  seen  in  measles,  scarlet  fever,  small- 
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pox,  vaccinia,  typhus  fever,  epidemic  meningitis,  diphtheria,  septi- 
cemia, and  pyemia-  The  frequency  of  its  presence  in  infectious 
disease  of  the  newborn  has  already  been  described.  In  these  acute 
infections,  the  hemorrhagic  symptom-complex  is  probably  due  to  an 
altered  condition  of  the  blood,  which  in  turn  is  caused  by  the  bac- 
terial toxins  of  the  primary  disease. 

Toxemia. — Certain  drugs,  and  certain  known  chemical  poisons, 
can  produce  spontaneous  hemorrhages.  The  effect  on  the  blood  of 
benzol  poisoning  is  well  known.  Such  drugs  as  potassium  chlorate, 
quinine,  and  phosphorus  have  produced  cutaneous  hemorrhage  when 
given  in  excessive  dosage,  or  in  long-continued  administration.  The 
pronounced  tendency  to  hemorrhage  seen  in  cases  of  jaundice  is 
certainly  of  toxic  origin.  This  group  is  distinguished  from  the  first 
only  in  that  the  toxins  are  not  of  bacterial  origin. 

Nutritional  Disturbance. — Purpura  often  occurs  as  a  late 
symptom  of  various  known  diseases  in  which  marked  disturbance 
of  nutrition  is  a  prominent  feature.  While  most  of  these  diseases 
are  of  infectious  origin,  the  occurrence  of  hemorrhages  late  in  the 
course  of  the  disease,  points  toward  a  nutritionaJ  injury  rather  than 
a  toxic  injury.  Also,  purpura  is  seen  in  cachectic  conditions  which 
are  not  of  infectious  origin,  such  as  starvation,  functional  gastro- 
intestinal disease,  and  malignant  disease.  Cachectic  purpura  is  seen 
particularly  often  in  the  wasting  diseases  of  infancy,  and  is  met  with 
in  tuberculosis,  meningitis,  bronchopneumonia,  and  empyema.  There 
is  little  doubt  that  the  symptom  is  due  to  a  disturbance  of  nutri- 
tion, either  of  the  blood,  or  of  the  blood  vessels.  An  example  of  a 
hemorrhage  of  nutritional  origin  is  seen  in  scurvy. 

Diseases  of  the  Blood. — Purpura  is  a  fairly  common  symptom 
in  primary  diseases  of  the  blood  and  blood-making  apparatus,  such 
as  pernicious  anemia,  leukemia,  and  pseudo-leukemia. 

SYMPTOMS. — The  hemorrfiages  in  symptomatic  purpura  are 
usually  limited  to  the  skin,  and  appear  as  hemorrhagic  spots  of 
various  sizes  and  varying  distribution.  Rarely  hemorrhage  from 
the  mucous  membrane  is  seen, 

DIAGNOSIS. — The  hemorrhagic  character  of  the  spots  is  recog- 
nized by  the  fact  that  the  color  cannot  be  caused  to  fade  by  pres- 
sure. The  diagnosis  of  the  s>Tnptomatic  character  of  the  purpura 
depends  upon  the  finding  of  an  adequate  cause. 

PROGNOSIS. — The  prognosis  is  that  of  the  disease  to  which  the 
purpura  is  secondary.  In  most  of  these  conditions  the  appearance 
of  purpura  is  a  bad  prognostic  sign. 

TREATMENT.— The  treatment  of  symptomatic  purpura  is  that 
of  the  cause. 


this  finding  suggests  at  least  that  there  is  often  if  not  always  in  purpura 
an  abnormal  condition  of  the  blood  itself,  which  manifests  itself  in 
defective  coagulation. 

The  second  possible  factor,  an  abnormal  condition  of  the  walls 
of  the  blood  vessels,  has  not  yet  been  extensively  studied,  It  can- 
not, however,  be  excluded  in  a  condition  which  is  not  a  single  disease 
entity,  but  a  symptom-complex  due  possibly  to  a  variety  of  causes. 

If  the  spontaneous  hemorrhages  of  purpura  are  due  to  an  abnormal 
condition  of  the  blood  or  blood  vessels,  what  causes  this  abnormal 
condition?  It  is  not,  as  in  hemophilia,  an  inherited  constitutional 
anomaly,  for  the  occurrence  of  purpura  suddenly,  at  any  age,  without 
obvious  cause,  suggests  that  the  cause  is  not  an  inherent  tissue  defect, 
but  that  it  is  acquired.  In  reaching  an  idea  as  to  the  probable  cause 
of  primary  purpura,  the  varied  etiology  of  the  secondary,  sympto- 
matic purpuras  is  most  suggestive.  These  secondary  purpuras  are 
associated  with  a  number  of  known  conditions,  and  infection,  tox- 
emia, and  nutritional  disturbances  are  the  most  probable  causes  of 
the  hemorrhage.    We  know  that  all  of  these  factors  can  exist  with- 
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out  definite  recognition.  It  is  probable  that  there  are  numerous 
types  of  bacterial  infection  which  have  not  been  recognized,  and 
many  writers  believe  that  the  chief  cause  of  primary  purpura  is  such 
unrecognized  infection.  Furthermore,  we  know  comparatively  little 
about  the  function  of  nutrition  and  metabolism,  particularly  about 
the  so-called  intermediary  metabolism.  There  is  much  evidence  that 
suggests  that  toxic  products  may  be  formed  through  a  dbturbance 
of  metabolism  of  unknown  nature.  Again,  emaciation  is  not  a 
necessary  manifestation  of  all  nutritional  disturbances,  as  is  evident 
by  such  conditions  as  rickets  and  scurvy,  in  which  loss  of  weight  is 
not  an  essential  feature.  We  must  therefore  admit  that  it  is  very 
probable  that  there  are  disturbances  of  metabolism  of  which  we 
know  nothing,  but  which  may  easily  lead  to  the  formation  of  toxic 
products,  and  to  disturbed  nutrition. 

The  blood  is  the  result  of  the  very  complex  work  of  all  the  organs 
and  tissues  of  the  body.  Its  composition  probably  depends  on  the 
activity  of  many  organs,  and  of  many  cells,  acting  both  as  indi- 
vidual entities  and  in  relation  with  each  other.  It  is  therefore  easy 
to  conceive  how  infection,  disturbance  of  metabohsm,  toxin  forma- 
tion, and  impaired  nutrition,  could  impair  the  composition  of  the 
blood  itself,  and  cause  a  defective  condition  of  the  walls  of  the  blood 
vessels.  I  believe  that  these  are  the  probable  causes  concerned  in 
the  production  of  purpura,  and  that  unrecognized  infection  is  prob- 
ably the  most  frequent  factor.  The  sj-mptoms  of  the  various  clinical 
types  of  purpura  are  strongly  suggestive  of  infection  and  toxemia, 
and  abo  of  a  varied  etiology.  We  shall  be  obliged  to  speak  of  primary 
purpura  until  the  nature  of  the  disturbances,  which  are  the  real 
primary  conditions  of  which  spontaneous  hemorrhage  is  the  symp- 
tom, is  more  fully  understood. 

Primary  purpura  is  more  common  in  children  than  in  adults.  It 
is  met  with  at  all  ages,  although  more  often  in  older  children  than 
in  infants.  It  is  commonest  between  the  ages  of  two  and  ten  years. 
The  sexes  are  about  equally  affected.  There  is  no  constant  asso- 
ciation with  any  particular  predisposing  cause. 

PATHOLOGICAL  ANATOMY.— The  pathological  anatomy  re- 
quires no  detailed  description,  the  essential  lesion  being  the  hemor- 
rhage. The  variation  in  the  extent  and  location  of  the  hemor- 
rhages b  so  great,  that  enumeration  is  cumbersome  and  unnecessary. 
The  changes  in  the  blood  are  confined  to  its  finer  composition,  and 
nothing  abnormal  is  noted  on  ordinary  examination,  other  than  the 
characteristics  of  a  secondary  anemia,  the  severity  of  which  is  in 
proportion  to  the  amount  of  the  hemorrhage. 

SYMPTOMS. — Purpura  has  been  divided  upon  a  purely  clinical 
basis  into  various  types.    This  division  bears  no  definite  relation  to 
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the  probable  etiology  of  the  disease,  although  it  is  possible  that 
some  such  relation  may  be  found  in  the  future,  when  the  various 
etiological  factors  are  more  fully  understood.  The  division  into 
clinical  types  is  retained  for  purposes  of  clinical  description  only,  the 
various  types  not  representing  definite  disease  entities. 

Purpura  Simplex. — This  is  the  commonest  form  of  primary  pur- 
pura in  children,  and  in  it  the  hemorrhage  is  confined  to  the  skin. 
There  may  be  moderate  constitutional  disturbance,  which  may  ac- 
company the  hemorrhages,  or  may  precede  them  for  one  or  two  days. 
The  general  symptoms  are  malaise,  loss  of  appetite,  and  slight  fever; 
there  may  be  a  disturbance  of  digestion  with  vomiting  or  diarrhea. 
The  hemorrhages  appear  suddenly,  and  consist  of  small  petechiae. 
The  spots  are  small,  varj-ing  in  size  from  a  pin-head  to  a  pea,  and 
are  of  a  bright  red  color.  As  the  spots  fade,  they  become  brownish- 
purple,  and  disappear  in  a  few  days.  The  distribution  of  the  spots 
is  very  variable;  certain  parts  of  the  body  only  may  be  involved, 
or  the  whole  body  may  be  covered.  The  petechiae  usually  appear 
first  on  the  lower  extremities.  The  spots  in  the  involved  areas  are 
usually  thickly  scattered,  but  there  may  be  only  a  few  spots  widely 
scattered  on  various  parts  of  the  body.  The  spots  are  likely  to 
appear  in  successive  crops,  coming  sometimes  in  new  areas,  and 
sometimes  in  areas  where  a  former  crop  is  fading  or  has  faded.  Often 
when  the  child  gets  out  of  bed,  a  fresh  crop  will  appear  on  the  legs. 

The  course  of  the  disease  is  usually  from  one  to  three  weeks,  but 
relapses  are  common,  and  attacks  may  continue  to  come  at  short 
intervals  for  a  considerable  period.  I  have  seen  cases  in  which  the 
child  was  unable  to  get  out  of  bed  for  several  months  without  the 
appearance  of  fresh  spots.  The  prognosis  is  good,  although  it  is 
best  not  to  give  an  unqualifiedly  favorable  prognosis,  because  oc- 
casionally a  mild  simple  purpura  has  suddenly  developed  into  one 
of  the  severe  and  fatal  types. 

Purpura  Rheumatica  (Peliosis  Rheumatica;  Schdnlein's  Disease). 
This  type  resembles  simple  purpura  in  every  way,  except  that  there 
is  an  additional  symptom,  namely,  arthritis.  The  joints  are  painful 
on  motion,  and  show  some  swelling.  This  type  may  be  considered  a 
primary  purpura  with  an  associated  arthritis,  or  a  symptomatic 
purpura  secondary  to  an  infectious  arthritis.  The  association  with 
rheumatic  fever  is,  however,  not  very  definite.  The  arthritic  symp- 
toms are  less  severe,  and  the  heart  is  not  involved.  There  is  a  more 
frequent  association  with  certain  other  cutaneous  lesions,  particu- 
larly erythema  exudativum,  urticaria,  erythema  nodosum,  and  angio- 
neurotic edema.  This  type  is  strongly  suggestive  of  a  toxic  origin, 
but  whether  the  toxin  is  derived  from  bacteria  or  from  a  disturb- 
ance of  metabolism  is  unknown. 
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The  course  of  rheumatic  purpura  is  from  one  to  three  weeks.  Re- 
lapses may  occur.    The  outcome  is  usually  favorable. 

Purpura  Abdominalis.  (Henoch's  Purpura.) — This  type  closely 
resembles  rheumatic  purpura,  except  that  it  is  more  severe,  and  gastro- 
intestinal symptoms  are  prominent.  The  symptoms  are  more  or 
less  malaise,  and  pains  not  especially  localized,  but  chiefly  occurring 
in  the  extremities  and  back,  sometimes  accompanied  by  slight  edema 
of  the  part  affected.  These  early  symptoms  of  pain  occur  in  one 
or  more  joints,  usually  on  the  outer  sides,  and  sometimes  there  are 
sweUing  and  redness  simulating  rheumatic  fever.  In  this  stage  there 
may  be  a  sudden  rise  of  temperature.  Accompanying  these  symp- 
toms there  may  be  a  few  purpuric  spots,  but,  as  a  rule,  there  is  a 
period  of  several  days  between  the  appearance  of  the  pains  in  the 
joints  and  the  purpuric  appearance  on  the  skin.  The  purpuric  spots 
may  coalesce,  and  thus  form  ecchymoses  of  various  sizes  and  colors. 
They  are  very  apt  to  begin  on  the  lower  leg  and  spread  up  to  the 
thighs,  genitals  and  body.  Somewhat  later,  intestinal  symptoms 
develop.  While  the  purpura  is  spreading  there  is  severe  colic,  and 
the  pain  is  very  intractable  to  treatment.  The  abdomen  is  retracted 
and  tender.  There  is  obstinate  vomiting.  The  pulse  is  weak,  and 
the  face  has  an  anxious  expression.  There  is  more  or  less  diarrhea, 
which  usually  occurs  at  the  end  of  an  attack  of  colic.  The  colic  and 
vomiting  sometimes  last  for  one  or  two  days.  There  may  be  a  little 
blood  in  the  vomitus  and  in  the  movements.  The  vomiting  then 
diminishes,  the  colic  ceases,  and  later  the  diarrhea  stops,  the  pain 
in  the  joints  passes  away,  the  purpuric  spots  gradually  fade  and  dis- 
appear, and  the  child,  although  left  in  an  exhausted  condition,  is 
otherwise  well. 

There  are  very  apt  to  be  relapses,  which  may  appear  within  a 
few  days  or  not  for  several  days. 

These  are  the  symptoms  of  a  typical  case;  but  there  are  many 
variations.  As  a  rule,  the  younger  the  child  the  more  typical  is 
the  case.  Sometimes  the  purpuric  spots  closely  simulate  urticaria. 
They  may  occur,  although  rarely,  in  the  mouth.  They  sometimes 
simulate  the  lesions  of  erythema  nodosum.  The  attacks  of  colic 
have  a  paroxysmal  character.    There  may  be  swelling  of  the  Joints. 

This  disease  is  rarely  fatal  unless  it  is  complicated  by  some  such 
disease  as  nephritis  or  endocarditis. 

Purpura  Hemorrhagica.  (Morbus  Mactdosus  Werlkofii.) — This 
is  a  very  severe  form  of  primary  purpura,  characterized  by  hemor- 
rhages from  the  mucous  membranes  as  well  as  cutaneous  hemor- 
rhages. Bleeding  from  the  mucous  membranes  is  present  from  the 
start,  and  may  even  precede  the  cutaneous  ecchymoses.  There  may. 
be  bleeding  from  the  nose,  mouth,  pharynx,  stomach,  or  intestines. 


purpuric  spots  sometimes  appear  as  a  symptom,  the  diagnosis  ot 
the  clinical  type  of  purpura  depends  on  the  associated  symptom- 
complex. 

TREATMENT.— The  etiology  of  purpura  being  unknown,  and 
probably  multiform,  there  is  no  specific  treatment  for  primary  pur- 
pura. No  drug  has  any  influence  on  the  underiying  causes  of  the 
disease.    The  treatment  must  therefore  be  symptomatic. 

The  only  serious  symptom  requiring  treatment  is  the  hemorrhage. 
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The  clinical  types  of  purpura  characterized  only  by  cutaneous  hemor- 
rhages, are  not  especially  dangerous,  and  the  hemorrhage  requires 
no  treatment.  Simple  purpura,  purpura  rheumatica,  and  Henoch's 
purpura,  without  hemorrhage  from  the  mucous  membranes,  all  rim 
a  de&nite  course,  and  tend  toward  recovery.  Not  enough  is  known 
about  the  etiology  to  afford  a  definite  basis  for  prophylactic  treat- 
ment directed  at  preventing  relapses,  but  in  cases  with  a  marked 
tendency  toward  relapse,  serum  therapy  may  be  tried.  Horse  serum, 
rabbit  serum,  and  human  serum  all  have  a  theoretical  basis  in  the 
hemorrhagic  diseases.  Their  relative  value  is  not  definitely  deter- 
mined, but  the  evidence  points  toward  human  serum  as  the  most 
valuable,  and  horse  serum  as  the  least;  just  the  reverse  of  the  ease 
with  which  the  various  sera  can  be  obtained. 

In  simple  purpura,  no  other  symptoms  need  be  treated.  Rheu- 
matic purpura  may  be  symptomatically  treated  like  rheumatic  fever, 
with  salicylates.  Henoch's  purpura  should  be  treated  like  an  acute 
infection  with  gastro-intestinal  symptoms. 

Purpura  hemorrhagica,  or  any  form  of  purpura  in  which  blood 
is  lost  from  the  mucous  membranes,  is  a  dangerous  condition,  and 
requires  active  treatment  of  the  hemorrhage.  Various  methods  of 
treatment  have  been  recommended  from  time  to  time  for  the  hemor- 
rhagic diseases,  each  based  on  some  particular  theory  of  the  pathology 
of  the  condition.  The  evidence  at  present  is  against  the  value  in 
purpura  of  injections  of  gelatin,  of  injections  of  adrenalin,  and  of  the 
administration  of  calcium  salts.  There  remains,  serum  therapy. 
Horse  serum,  rabbit  serum,  and  human  serum  or  human  blood,  all 
have  theoretical  evidence  in  their  support,  because  any  of  them 
may  supply  the  element  which  causes  diminished  coagulability  of 
the  blood.  There  is  clinical  evidence  in  favor  of  all  three  sera. 
Human  serum  is  usually  free  from  the  possible  danger  of  anaphy- 
laxis, and  experiment  suggests  that  it  is  more  potent  than  rabbit 
serum,  while  rabbit  serum  is  more  potent  than  horse  serum. 

In  comparatively  mild  cases,  horse  serum  may  be  tried  first,  given 
in  doses  of  30  c.  c.  or  more,  according  to  the  severity  of  the  hem- 
orrhage. Rabbit  serum  may  be  tried  first,  or  after  the  failure  of 
horse  serum. 

In  all  severe  cases,  human  serum  should  be  preferred.  The  donor 
having  been  obtained,  about  60  c.  c.  of  blood  should  be  withdrawn 
with  a  sterile  syringe  from  the  vein  at  the  bend  of  the  elbow.  Of 
this,  30  c.  c.  should  be  injected  subcutaneously  at  once,  and  the  rest 
should  be  set  aside  to  furnish  serum  for  further  treatment.  In  the 
subsequent  injections,  this  serum  may  be  used,  and  if  possible,  from 
10  to  30  c.  c.  should  be  given  every  four  to  eight  hours,  according 
to  the  course  of  the  case. 

In  any  case  in  which  the  patient  is  so  severely  ill  from  loss  of  blood 
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that  life  is  threatened,  or  if  the  injections  of  whole  human  blood  or 
human  serum  are  not  followed  by  definitely  recognizable  improve- 
ment, the  safest  treatment  is  by  transfusion.  Whenever  a  surgeon 
can  be  obtained  who  is  familiar  with  the  rather  formidable  technique 
of  this  operation,  it  is   the  most  promising  method  of  treatment. 

Serum  therapy,  and  transfusion  are  the  only  available  methods  of 
checking  the  bleeding  in  purpura  hemorrhagica,  and  are  often  strik- 
ingly successful.  They  do  not  always  succeed,  however.  I  have 
recently  seen  a  case  which  died  of  hemorrhage  in  spite  of  repeated 
transfusions.  This  only  emphasizes  the  probable  multiplicity  of  the 
factors  which  are  concerned  in  the  pathology  of  purpura. 

After  convalescence  from  an  attack  of  purpura,  the  anemia  is 
to  be  treated  with  iron  in  the  ordinary  manner. 

PROBLEMS  AND  RESEARCH.— The  principal  problem  await- 
ing further  research  in  connection  with  purpura,  is  that  of  etiology. 
The  most  promising  field  for  investigation  lies  in  the  pathology  of 
the  blood.  It  is  probable  that  the  symptom-complex  known  as  pur- 
pura, represents  not  only  a  variety  of  underlying  causes,  but  also 
a  variety  of  abnormalities  in  the  blood  and  blood-vessels.  The  first 
step  will  be  the  recognition  of  all  the  various  abnormalities  in  the 
blood  and  bloodvessels  which  are  seen  in  purpura,  and  their  classifica- 
tion. This  problem  has  already  been  attacked.  For  a  description 
of  the  known  facts-  concerning  the  coagulation  of  the  blood,  the 
reader  is  referred  to  the  Problems  and  Research  in  connection  with 
hemorrhagic  diseases  of  the  newborn  in  Division  III. 

It  is  probable  that  there  are  various  types  of  purpura  representing 
deficiencies  in  different  elements  of  the  group  of  factors  concerned  in 
blood  coagulation.  Deficient  coagulability  of  the  blood  may  be  due 
to  a  deficiency  of  prothrombin  (blood  platelets),  of  calcium  salts,  of 
kinase,  or  of  fibrinogen.  It  may  be  due  to  an  excess  of  antithrom- 
bin.  Finally,  in  some  cases,  the  tendency  to  hemorrhage  may  be 
due  to  an  abnormality  of  the  vessel  walls. 

The  problem  of  purpura  has  already  been  attacked  along  these 
lines.  The  principal  abnormality  of  the  blood  foimd  in  purpura 
hemorrhagica  appears  to  be  a  deficiency  of  prothrombin.  Duke 
found  in  typical  cases  an  enormous  reduction  of  the  blood  platelets. 
This  has  been  confirmed  by  other  observers.  A  low  platelet  count 
has  also  been  found  in  certain  cases  of  symptomatic  purpura.  Fur- 
thermore, purpura  has  been  produced  experimentally  in  animals  by 
injections  of  the  serum  of  an  animal  immunized  with  blood  platelets. 
It  has  also  been  produced  in  rabbits  by  injections  of  diphtheria  toxin, 
which  reduced  the  platelet  count.  All  this  work,  however,  by  no 
means  proves  that  this  is  the  only  blood  deficiency  present  in  purpura. 

Some  evidence  has  been  brought  forward  that  purpura  is  not  due 


disease  does  not  often  appear  until  the  second  year,  or  even  later. 
This  is  probably  due  to  the  fact  that  wounds  and  traumatic  injuries 
are  uncommon  until  the  child  begins  to  run  about.  Occasionally 
there  is  excessive  bleeding  from  the  umbilicus  at  birth,  but  this  is 
rare  in  hemophilia.  The  first  hemorrhage  may  be  either  traumatic, 
or  apparently  spontaneous.  In  traumatic  hemorrhage,  a  very  slight 
wound,  or  the  drawing  of  a  tooth,  is  followed  by  severe  and  prolonged 
bleeding.  A  .slight  contusion  may  cause  ad  extensive  hematoma 
between  the  muscles.  The  commonest  site  of  spontaneous  hemor- 
rhage is  the  nose,  but  bleeding  is  occasionally  seen  from  the  mouth, 
intestines,  stomach,  urethra,  and  lungs. 

Hemorrhage  into  the  joints  is  a  fairly  common  form  of  apparently 
spontaneous  hemorrhage  in  typical  cases.  The  joints  normally  are 
constantly  subjected  to  mechanical  shocks,  and  in  hemophilia  the 
ordinary  activities  of  life  are  sufficient  to  produce  hemorrhage.  The 
blood  in  articular  hemorrhage  is  not  all  absorbed,  but  becomes  partly 
organized,  and  this  leads  to  symptoms  resembling  arthritis-  The 
articular  symptoms  of  hemophilia  have  been  described  as  a  coordi- 
nate manifestation,  but  they  are  really  the  result  of  a  former  hemor- 
rhage which  has  been  overlooked.  Repeated  hemorrhage  may  finally 
lead  to  marked  articular  deformity 

The  essential  feature  of  the  hemorrhages  of  hemophilia  is  their 
prolonged  and  uncontrollable  character.  Sometimes  over  a  wound 
a  crust  may  form  and  bleeding  may  cease  externally,  but  continue 
into  the  subcutaneous  tissue.  Later,  the  accumulated  blood  breaks 
through,  and  then  the  hemorrhage  is  still  more  difficult  to  control. 

There  is  a  sporadic,  accidental  type,  in  which  the  hemorrhage 
resembles  the  bleeding  of  true  hemophilia.  This  type  is  not  in- 
herited, usually  appears  later  in  Ufe  than  childhood,  and  affects  the 
sexes  equally. 

DIAGNOSIS.— The  first  hemorrhage  of  hemophilia  so  rarely  oc- 
curs in  the  first  week  of  life,  that  there  is  little  difficulty  in  distin- 
guishing from  it  the  hemorrhagic  diseases  of  the  newborn.  The  only 
condition  for  which  hemophilia  might  be  mistaken  is  purpura  hemor- 


in  diabetic  coma.  The  acetone  bodies,  however,  appear  very  fre- 
quently in  the  urine  of  children,  in  conditions  of  known  etiology. 
They  are  found  in  starvation  and  cachexia,  in  several  known  forms 
of  drug  poisoning,  and  in  the  so-called  delayed  anesthetic  poison- 
ing. They  are  found  in  hepatic  disease  of  known  type,  such  as  acute 
yellow  atrophy.  They  have  been  found  in  eclampsia,  and  in  nerv- 
ous disturbances  due  to  fright.  They  are  often  present  in  the  acute 
infections  accompanied  by  high  fever,  such  as  the  exanthemata, 
diphtheria,  pneumonia,  influenza,  appendicitis.  They  are  rarely 
found  in  the  gastro-intestinal  disorders  of  infancy,  but  are  very 
common  in  those  of  later  childhood.  Frew,  however,  in  his  investi- 
gations at  the  Great  Ormond  Street  Hospital,  found  transient  aceton- 
uria  in  most  babies  who  were  changed  from  the  breast  to  the  bottle. 
It  persisted  for  about  three  days,  and  was  ascribed  by  Frew  to  carbo- 
hydrate starvation  due  to  a  temporary  failure  of  digestion.  In  most 
of  these  cases,  the  presence  of  the  acetone  bodies  is  not  accompanied 
by  toxic  symptoms.  From  this  point  of  view,  acidosis  as  manifested 
by  the  appearance  of  the  acetone  bodies  in  the  urine,  must  be  re- 
garded simply  as  a  symptom  of  disturbed  metabolism,  with  no  more 
clinical  significance  than  has  albuminuria  in  similar  conditions.  There 
would  consequently  be  no  need  to  discuss  acidosis  under  a  separate 
disease  headmg. 
There  are,  however,  certain  cases  in  which  there  is  a  fairly  con- 
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tion  to  increased  creatin  and  creatinin  excretion  during    attacks  of 
recurrent  vomiting;  this  is  evidence  of  a  disturbance  of    the  inter- 
mediary protein  metabolism.    Mellanby  also  found  creatinuria  in 
recurrent  vomiting.     He   considers   acidosis  secondary   to    derange- 
ment of  the  glycogenic  function  of  the  iiver.    The  disturbance  leads 
to  imperfect  Ratabolism  of  the  fats,  w  th  the  formation  of  diacetic 
and  beta-oxybutyric  adds  as  intermediary  products,  and  to  imper- 
fect protein  metabolism  and  creatin  formation  due  to  carbohydrate 
insufficiency.    The  disturbed  glycogenic  function  is  due  to  absorp- 
tion of  alimentary  toxins.    He  does  not  believe  that  the  acidosis  is 
ever  the  cause  of  the  symptoms,  because  the  quantity  of  beta-oxybu- 
tyric acid  (the  only  toxic  member  of  the  acetone  group)  is  never 
large,  the  quantity  of  the  acetone  bodies  being  always  small  com- 
pared with  that  seen  in  diabetes.    The  acidosis  is  only  a  symptom 
of  the  disturbance  of  metabolism.    Mellanby's  view  is  strengthened 
by  the  recent  work  of  Underhill  and  Steele,  who  found  in  the  mine 
lactic  add  as  well  as  creatin  and  creatinin — a  definite  evidence  of 
disturbed  carbohydrate  metabolism. 

Another  group  of  writers  lay  stress  on  the  unstable  character  of 
the  nervous  system  in  children  as  a  cause  of  disturbance  of  metabol- 
ism. Ely  in  1903,  asserted  that  cyclic  vomiting  is  a  neurosis,  and 
many  writers  have  held  this  opinion.  The  most  careful  work  on 
recurrent  vomiting  has  been  done  by  Howland  and  Richards,  who 
ascribe  the  attacks  to  shock  or  exdtement  depending  on  the  un- 
stable state  of  the  nervous  system.  Such  a  cause,  they  believe, 
leads  to  disturbed  metabolism  with  diminished  oxidation,  and  the 
drculation  m  the  blood  of  unoxidized  toxic  substances.  More  recently 
Zade  has  pubhshed  a  similar  theory.  He  believes  recurrent  vomiting 
to'  be  a  result  of  a  sudden  psychogenic  upset  of  carbohydrate  meta- 
bolism, and  believes  that  the  psychogenic  origin  explains  many  of 
the  peculiar  features  of  the  attack. 

Few  writers  have  observed  any  marked  connection  between  the 
diet  and  the  occurrence  of  symptoms  of  addosis.  Kerley,  however, 
believes  that  "the  chief  error  in  most  cases  rests  in  a  defective  oxida- 
tion, or  in  the  giving  of  food  substances  of  high  carbon  content  in 
excess  beyond  the  powers  of  normal  oxidation."  He  believes  diet 
important  in  prophylaxis  and  treatment. 

Fmally,  a  large  group  of  writers  have  called  attention  to  the  fre- 
quency of  addosis  in  children  exhibiting  catarrhal  conditions  of  the 
naso-pharynx,  especially  with  adenoids  and  enlarged  tonsils.  This 
suggests  a  possible  bacterial  origin  of  the  disturbance  of  metabolism 
seen  in  addosis. 

The  Most  Probable  Theory  of  Etiology. — I  believe  that  the 
symptoms  in  recurrent  vomiting  and  "acid  intoxication"  are  due 
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private  practice  than  in  hospital  practice,  and  frequently  occurs  in 
children  with  the  best  surroundings.  The  family  history  frequently 
shows  neurotic  antecedents,  as  well  as  rheumatism  and  a  tendency 
to  sick  headaches  and  bilious  attacks.  The  children  are  often  of 
the  highly-strung,  excitable  type,  and  subject  to  sea-sickness  or  car- 
sickness.  They  are  not  notably  subject  to  digestive  disturbance, 
but  often  have  a  tendency  toward  constipation.  The  attacks  are 
apparently  not  precipitated  by  dietary  indiscretion,  but  there  is  often 
a  history  of  prolonged  overeating  without  symptoms. 

In  many  cases,  no  precipitating  cause  for  the  attack  can  be  found. 
In  many  other  cases,  such  a  cause  can  be  found,  and  is  usually  a 
nervous  one.  Unusual  excitement  or  fatigue  are  the  most  common 
exciting  causes,  and  an  attack  may  be  precipitated  by  fright,  grief, 
anger,  or  a  railroad  journey,  a  children's  party,  anxiety  or  over- 
work at  school,  exposure  to  cold,  or  anesthesia  with  chloroform  or 
ether.  Sometimes  a  minor  illness,  such  as  tonsilitis,  bronchitis,  or  an 
ordinary  cold,  seems  to  act  as  the  precipitating  cause. 

Several  epidemics  of  acidosis  have  been  reported.  In  one  epidemic 
in  Birmingham,  Ala.,  reported  by  Park,  gastro-intestinal  symptoms 
were  prominent,  and  it  is  probable  that  in  these  cases  the  exciting 
cause  was  an  intestinal  infection.  Another  epidemic  was  reported 
by  Metcalf,  occurring  in  Concord,  N.  H.,  and  vicinity.  No  definite 
evidence  of  an  exciting  cause  was  obtained  in  this  epidemic,  and  it 
is  probable  that  some  unrecognized  infection  was  responsible  for  the 
epidemic  occurrence  of  the  disease.  Acidosis  was  unusually 
common  around  Boston  in  the  winter  of  1915  and  1Q16,  but  the 
type  was  apparently  only  symptomatic  of  a  prevalent  grippe-like 
infection  of  the  upper  air  passages.  In  these  epidemics  the  clinical 
type  is  not  that  of  recurrent  vomiting,  but  rather  of  a  general  in- 
toxication. 

SYMPTOMS. — There  are  two  distinct  clinical  types  seen  in  cases 
of  acidosis.  In  the  first  type,  vomiting  is  the  principal  symptom 
throughout  the  seizure,  and  the  attacks  of  vomiting  have  a  pro- 
nounced tendency  to  recur  at  intervals.  In  the  second  type,  while 
vomiting  is  usually  an  early  and  marked  symptom,  it  is  not  so  prom- 
inent throughout  the  attack,  the  most  important  symptom  being  a 
pronounced  intoxication  affecting  the  nervous  system.  This  type 
does  not  have  a  definite  tendency  toward  recurrence.  The  distinc- 
tion between  these  two  types  is  purely  clinical,  and  does  not  neces- 
sarily imply  any  difference  in  etiology.  There  may  be  a  correspond- 
ing difference  in  etiology,  but  if  so,  it  is  not  known.  The  distinction 
between  these  two  types  is  not  generally  clearly  drawn  in  pediatric 
literature,  because  both  are  characterized  by  the  appearance  of  ace- 
tone bodies  in  the  urine,  and  the  second  type  is  considered  only  as 
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rapid,  weak,  and  sometimes  irregular.  The  respiration  is  usually 
little  if  at  all  disturbed  in  this  type;  it  is  occasionally  somewhat 
shallow  and  irregular.  The  tongue  is  ordinarily  dry  and  coated, 
sometimes  cracked,  and  the  lips  are  dry  and  parched.  The  breath 
often  has  the  odor  of  acetone  strongly  marked,  but  this  cannot 
always  be  detected.  The  abdomen  is  usually  retracted,  and  the 
skin  may  be  dry  and  harsh,  or  cold  and  clammy. 

During  the  first  twenty-four  hours  the  appearance  of  the  child  is 
not  markedly  altered.  After  this  time  emaciation  is  rapid,  the  child 
has  a  sunken-eyed  appearance,  looks  severely  ill,  and  prostration 
may  become  marked.  Nevertheless,  in  this  type,  delirium,  stupor 
and  coma  do  not  occur.  The  patient  may  be  somewhat  apathetic, 
but  s  always  acutely  conscious  of  his  surroundings,  and  usually 
answers  questions  promptly  and  intelligently.  In  fact,  the  mental 
condition  seems  clear  in  comparison  with  the  severity  of  the  vomit- 
ing, and  with  the  degree  of  prostration. 

The  urine  is  scanty  and  concentrated,  but  with  proper  treatment 
it  may  be  more  profuse.  Toward  the  crisis  of  the  attack  its  secre- 
tion becomes  abundant,  and  this  may  be  the  first  sign  of  improve- 
ment. It  is  strongly  acid.  The  test  for  acetone  usually  gives  a 
strongly  positive  result  from  the  very  start  of  the  attack,  and  I 
have  seen  the  sudden  appearance  of  acetone  precede  the  attack  by 
twelve  hours.  The  acetone  test  remains  strongly  positive  until  the 
crisis  of  the  attack,  when  it  becomes  gradually  less  marked,  dis- 
appearing in  a  few  days.  The  test  for  diacetic  acid  is  usually,  but 
not  always,  positive  from  the  start  of  the  attack,  and  p>ersists  till 
the  crisis  is  approached.  Diacetic  acid  usually  disappears  from  the 
urine  before  the  acetone.  The  urine  also  contains  an  excess  of  indi- 
can,  uric  acid,  creatin,  the  zanthin  bodies,  and  sometimes  beta- 
oxybutyric  acid.  During  the  height  of  the  attack  it  may  contain 
a  trace  of  albumin,  a  few  casts,  and  blood  cells.  The  blood  usually 
shows  a  moderate  leukocytosis. 

The  duration  of  an  attack  is  absolutely  variable.  It  may  be  only 
a  few  hours,  or  it  may  be  a  week  or  even  more.  The  most  common 
duration  is  from  two  to  four  days.  There  is,  however,  a  gradual 
tendency  toward  an  eventual  shortening  of  the  duration  of  the  suc- 
cessive recurrent  attacks.  The  severity  of  the  attacks  is  just  as 
variable.  This  marked  variation  in  the  duration  and  severity  of 
the  attacks  makes  any  opinion  as  to  the  value  of  any  method  of 
treatment  in  shortening  the  attacks,  absolutely  inconclusive  and 
worthless. 

The  attacks  recur  at  intervals,  without  any  definite  or  obvious 
exciting  cause.  The  intervals  between  the  attacks  are  absolutely 
variable  in  length.  The  seizures  may  occur  every  week  or  two, 
or  only  after  intervals  of  a  niunber  of  months.    In  general,  the 
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which  the  vomiting  is  a  symptom.  The  presence  of  high  fever  is 
in  favor  of  some  acute  infection;  it  is  strongly  against  the  recurrent 
type  of  acidosis,  but  does  not  rule  out  the  other  type,  although  the 
fever  in  acute  infection  is  higher  as  a  rule  than  in  any  form  of  aci- 
dosis. The  examination  of  the  urine  for  the  acetone  bodies  is  of 
help,  if  made  early  in  the  attack.  The  early  presence  of  a  marked 
acetone  reaction  points  toward  acidosis.  It  must  be  remembered, 
however,  that  the  appearance  of  the  acetone  bodies  in  the  urine  is 
a  frequent  symptom  in  many  acute  infections,  and  acetone  is  likely 
to  be  present  in  any  case  in  which  vomiting  has  continued  a  number 
of  hours.  It  is  therefore  very  important  not  to  conclude  too  hastily 
from  the  presence  of  acetone  that  the  case  is  one  of  the  so-called 
primary  types  of  acidosis.  Such  a  conclusion  may  lead  to  care- 
lessness in  physical  examination,  and  to  the  overlooking  of  any 
signs  of  a  recognizable  acute  infection  which  may  develop  in  the 
course  of  the  disease. 

In  general,  when  uncontrollable  vomitmg  is  the  principal  symptom, 
if  the  temperature  is  not  much  elevated,  and  if  the  urine  shows  a 
strong  acetone  reaction,  it  is  safest  to  consider  and  treat  the  case 
as  one  of  acidosis,  while  watching  carefully  for  signs  of  some  other 
disease.  If  the  temperature  is  high  from  the  start,  it  is  safer  to 
consider  the  case  one  of  acute  infection  until  characteristic  signs  of 
the  infection  fail  to  develop,  or  until  signs  of  the  toxic  type  of  acidosis 
begin  to  appear.  If,  however,  the  acetone  bodies  are  present  in 
the  urine,  it  is  safe  to  use  the  treatment  for  acidosis,  as  this  can 
do  no  harm  if  the  acidosis  be  secondary  and  symptomatic  rather 
than  one  of  the  primary  types. 

Appendicitis. — I  have  frequently  seen  appendicitis  mistaken  for 
acidosis,  and  have  myself  mistaken  acidosis  for  appendicitis.  The 
first  mistake  is  due  to  the  fact  that  with  the  increase  in  the  use  of 
accurate  laboratory  methods  of  diagnosis,  physicians  are  apt  to 
overemphasize  the  results  of  a  laboratory  examination,  and  to  under- 
estimate the  importance  of  careful  and  thorough  physical  examina- 
tion. In  appendicitis,  severe  vomiting  and  acetonuria  are  common 
symptoms,  and  if  the  physician  iinds  that  the  examination  of  the 
urine  gives  a  positive  test  for  acetone,  and  jumps  at  the  conclusion 
that  the  case  is  one  of  acidosis,  there  is  danger  that  he  may  neglect 
the  careful  physical  examination  necessary  to  reveal  the  presence  of 
appendicitis  in  early  life.  In  acidosis,  while  tenderness  of  the  abdo- 
men is  usually  absent,  it  may  be  present  from  the  soreness  of  the 
muscles  of  the  abdominal  wall  which  often  follows  excessive  vomit- 
ing. Appendicitis  can  only  be  ruled  out  when  its  characteristic 
signs,  such  as  paroxysmal  pain,  abdominal  tenderness  and  spasm,  are 
all  absent.    When  any  of  these  signs  are  present,  the  differential 


a  differential  diagnosis  in  all  stages  of  the  disease,  except  by  lumbar 
puncture.  I  believe  that  in  any  case  in  which  the  diagnosis  lies 
between  acidosis  and  tuberculous  meningitis,  lumbar  puncture  should 
be  performed.  It  is  true  that  if  the  case  be  one  of  tuberculous  menin- 
gitis, the  lumbar  puncture  does  no  good;  but  it  is  also  true  that  if 


a  aisturoance  oi  me  glycogenic  tunction  oi  ine  uver,  wiui  a  conse- 
quent insufficient  supply  of  sugar,  this  form  of  fuel  is  the  one 
needed.  Pure  dextrose  is  expensive,  and  cannot  always  be  readily 
obtained.  Glucose  is  the  next  best  substitute.  If  neither  can  be 
obtained  at  once,  peptonized  milk  may  be  used  during  the  interim, 
but  is  theoretically  greatly  inferior  to  dextrose. 

The  dextrose  should  be  given  in  a  5%  solution.  More  dextrose 
could  be  given  in  a  stronger  solution,  but  there  is  danger  of  irrita- 
tion of  the  mucous  membrane,  and  of  intolerance  of  the  rectum, 
which  should  be  avoided  at  all  costs.  The  amount  to  be  given  at 
each  injection  depends  on  the  age  of  the  child,  and  the  tolerance  of 
the  rectum.    It  is  safer  to  begin  with  a  smaller  amount,  and  later  to 
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increase  the  quantity.  To  an  infant,  four  ounces  every  four  hours 
should  be  given  (1.2  oz.  dextrose  in  24  hours).  To  an  older  child, 
six  ounces  every  four  hours  should  be  given  (1.8  oz,  dextrose  in  24 
hours).  If  the  rectum  seems  tolerant,  and  these  enemata  are  well 
retained,  the  quantities  may  be  increased  to  six  and  eight  ounces 
respectively.  If  they  are  not  well  retained,  the  quantities  must 
be  somewhat  reduced.  A  cleansing  enema  should  be  given  every 
twenty-four  hours. 

If,  in  spite  of  the  nutrient  enemata,  the  child  complains  of  exces- 
ave  thirst,  normal  saline  solution  should  be  given  by  rectum  during 
the  intervals  between  the  nutrient  enemata.  The  amount  at  each 
injection  should  be  from  two  to  four  oimces,  and  the  frequency' 
should  depend  on  the  thirst  of  the  patient,  enough  being  given  to 
relieve  this  symptom. 

The  majority  of  writers  advocate  the  use  of  bicarbonate  of  soda 
in  recurrent  vomiting.  This  is  based  on  the  theory  that  the  disease 
being  apparently  an  acidosis,  an  alkali  is  indicated  to  counteract 
the  excessive  acidity  of  the  blood.  As  I  have  shown  in  considering 
the  etiology  of  acidosis,  there  is  considerable  evidence  against  the 
theory  that  the  toxic  symptoms  are  directly  due  to  the  accumula- 
tion of  the  acetone  bodies  in  the  blood.  The  vomiting  may  be  due 
to  other  toxic  products  of  disturbed  metabolism,  the  acidosis  being 
only  an  accompanying  symptom,  or,  even  if  the  symptoms  are  due 
to  toxic  acids,  there  is  no  proof  that  the  accumulation  of  adds 
can  be  effectively  combatted  by  the  administration  of  bicarbonate 
of  soda.  There  would  be  no  objection  to  the  use  of  bicarbonate  of 
soda,  if  its  administration  could  do  no  harm.  In  as  far  as  the  giving 
of  bicarbonate  of  soda  by  mouth  is  concerned,  I  believe  that  it  cer- 
tainly does  do  harm  by  increasing  the  vomiting,  and  that  the  possi- 
bility of  harm  is  greater  than  the  possibility  of  good.  Bicarbonate 
of  soda,  however,  can  be  given  in  the  rectal  enemata.  Here  also 
I  believe  that  it  can  have  a  harmful  effect,  in  rendering  the  rectum 
so  intolerant  that  the  nutrient  injections  are  not  retained.  In  re- 
current vomiting,  the  chief  danger  comes  from  the  vomiting  itself, 
and  our  most  effective  weapon  against  this  symptom  is  rectal  feeding. 
If  the  rectum  becomes  intolerant,  the  proper  treatment  of  the  case 
becomes  very  difhcult.  The  question  arises  whether  the  benefit  to 
be  expected  from  the  counteracting  effect  of  bicarbonate  of  soda  is 
sufficiently  great,  to  balance  the  possibility  of  harm.  In  my  opinion 
the  evidence  of  benefit  is  not  sufficiently  great.  In  view  of  the 
variabiUty  of  the  clinical  course  in  recurrent  vomiting,  and  the  ten- 
dency of  the  vomiting  to  cease  abruptly  at  any  stage  without  reference 
to  treatment,  reports  on  the  apparent  favorable  action  of  bicarbonate 
of  soda  cannot  be  accepted  as  conclusive  Even  if  the  urine  becomes 
alkaline  with  bicarbonate  of  soda  treatment  before  the  vomiting 
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ceases,  it  is  not  conclusive  evidence,  because  the  urine  often  becomes 
alkaline  as  the  crisis  approaches  without  bicarbonate  of  soda  treat- 
ment. I  formeriy  used  the  bicarbonate  of  soda  treatment,  first  by 
mouth,  in  various  quantities  including  the  very  frequent  adminis- 
tration of  a  saturated  solution,  and  later  by  rectiun.  I  have  never 
seen  any  clear  evidence  of  its  value.  The  disease  is  self-limited,  and 
the  attack  will  run  a  favorable  course,  if  the  vomiting  is  not  exces- 
sive, and  if  the  patient  can  be  nourished  and  supplied  with  sufficient 
fluid.  I  do  not,  therefore,  advocate  the  use  of  bicarbonate  of  soda 
in  recurrent  vomiting.  In  a  very  severe  case,  in  which  it  seemed 
necessary  to  try  every  available  resource  for  saving  the  life  of  the 
patient,  bicarbonate  of  soda  would  be  a  possible  measure,  but  in 
such  a  case,  I  would  give  it  intravenously. 

Under  the  routine  treatment  of  no  food  by  mouth,  and  dextrose 
and  fluid  by  rectum,  most  cases  will  run  a  course  without  severe 
prostration,  hemorrhage,  or  other  unfavorable  symptoms.  Some 
cases,  however,  are  more  severe,  and  require  additional  treatment. 
Unfavorable  signs  are  continued  frequent  and  violent  retching,  with 
increasing  prostration,  or  increasing  blood  in  the  vomitus.  In  such 
a  case,  ten  grains  of  sodium  bromide  should  be  given  by  rectum,  and 
if  this  does  not  lessen  the  vomiting,  it  may  be  repeated  in  two  hours, 
with  one  and  one-half  to  two  grains  of  chloral  hydrate.  Subse- 
quently the  bromide  may  be  given  by  rectum  every  four  hours,  if 
the  vomiting  continues  to  be  severe.  Morphine  should  not  be  used, 
except  in  the  most  desperate  cases  which  resist  the  bromide.  It 
seems  to  increase  the  toxemia  of  the  disease,  but  should  be  tried  if 
all  other  resources  fail. 

With  very  severe  prostration,  and  a  weak  and  rapid  or  intermittent 
pulse,  the  usual  circulatory  stimulants,  caffeine,  strychnine,  and  digi- 
talis, should  be  used,  given  subcutaneousty. 

If  the  rectum  becomes  intolerant,  the  quantity  of  fluid  given  by 
rectum  must  be  reduced,  and  only  the  dextrose  should  be  given, 
Under  these  circumstances,  physiological  salt  solution  should  be 
given  subcutaneously,  in  doses  of  four  ounces  repeated  as  often  as 
is  necessary  to  control  thirst.  Dextrose  solution,  or  a  weak  solution 
of  sodium  bicarbonate,  may  also  be  tried  by  mouth,  under  these 
circumstances. 

When  the  vomiting  has  stopped  for  six  or  more  hours,  it  is  usua'ly 
a  signal  that  the  attack  is  over,  and  that  feeding  by  mouth  may  be 
begun.  It  is  best  to  begin  with  a  five  per  cent  dextrose  solution  in 
barley  water,  beginning  with  teaspoonful  doses,  and  doubling  the 
amount  every  two  hours.  The  nutrient  enemata  should  be  con- 
tinued for  twelve  hours,  or  until  eight  ounces  of  the  dextrose-barley 
solution  are  taken,  when  they  can  be  omitted.  Zwieback,  or  dry 
bread  crust  can  now  be  added  to  the  diet,  or  even  before  the  expira- 
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tion  of  twelve  hours,  if  the  child's  appetite  returns  rapidly.  Cereals 
are  added  during  the  next  twelve  hours,  and  then  milk  may  be  given. 
After  this  the  child  can  rapidly  return  to  its  normal  diet. 

Next  must  be  considered  the  treatment  of  the  child  subject  to 
recurrent  vomiting,  in  the  intervals  between  the  attacks.  According 
to  the  theories  outlined  above,  prophylactic  treatment  should  aim 
at  the  prevention  of  the  absorption  of  the  products  of  intestinal 
putrefaction,  the  removal  of  clironic  foci  of  infection,  the  prevention 
of  nervous  excitement  or  fatigue,  and  the  avoidance  of  dietary  indis- 
cretions. 

Many  writers  claim  remarkably  good  results  in  recurrent  vomiting 
from  dietetic  treatment.  Unfortunately,  clinical  observation  catmot 
be  accepted  as  a  satisfactory  criterion  of  the  efficacy  of  any  dietary 
regimen,  on  account  of  the  variability  of  clinical  course  which  is  an 
essential  feature  of  the  disease.  Dietary  treatment  is  usually  advo- 
cated on  a  basis  of  some  exclusive  theory  of  etiology,  while  the  facts 
suggest  a  diverse  etiology.  For  instance,  if  the  theory  be  accepted 
that  the  absorption  of  putrefactive  products  from  the  intestine  dam- 
ages the  metabolic  functions  of  the  liver,  the  protein  in  the  diet 
should  be  reduced.  On  the  other  hand,  if  the  theory  be  accepted 
that  an  excess  of  food  beyond  the  oxidizing  power  of  the  child  is  the 
cause  of  the  disturbance,  it  is  the  fats  and  carbohydrate,  with  their 
high  carbon  content,  which  should  be  reduced.  In  view  of  the 
obscurity  which  still  surrounds  the  etiology  of  the  disease,  it  does 
not  seem  that  any  exclusive  theory  can  be  logically  adopted  as  a 
basis  for  dietary  treatment. 

I  believe  that  Ike  principal  thing  to  be  avoided  is  overfeeding.  The 
diet  should  be  arranged  according  to  the  ordinary  principles  which 
govern  the  selection  of  the  food  for  the  normal  child  of  the  same 
age.  A  well-balanced  diet,  with  a  proper  ratio  between  fat,  carbo- 
hydrate, and  protein,  should  be  insisted  upon.  In  one  respect,  I 
agree  with  those  who  favor  reducing  the  carbon  content  of  the  food, 
and  that  is  in  the  advisability  of  omitting  sugar  from  the  diet. 
Sugar  is  not  a  necessary  ingredient  of  the  diet  of  children,  and  indeed 
before  the  last  three  centuries,  was  only  used  as  a  condiment,  not  as 
a  food.  Cane  sugar  is  a  common  source  of  a  form  of  intestinal  fer 
mentation,  which  is  very  insidious  and  difficult  of  clinical  recogni- 
tion. All  the  carbohydrate  needed  can  be  suppUed  from  the  starchy 
foods  which  make  up  an  ordinary,  well-balanced  diet.  I  believe  that 
an  excessive  amount  of  milk  should  be  avoided,  and  that  cream  had 
better  not  be  given.  All  eating  between  meals  should  be  strictly 
forbidden. 

With  a  normal,  well-regulated  diet,  the  stools  should  be  frequently 
examined  for  evidences  of  fermentation,  or  for  indigestion  of  any 
particular  food  element.    If  any  such  indications  are  foimd,  the  diet 
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should  be  modified  accordingly.    If  the  stools  suggest  fennentation, 
lactic  add  milk  should  be  tried. 

It  is  essential  that  a  satisfactory  daily  evacuation  of  the  bowels 
be  insured  by  suitable  measures. 

Adenoids  or  diseased  tonsils,  if  present,  should  be  removed,  and 
if  the  child  be  subject  to  attacks  of  infection  of  the  upper  respiratory 
passages,  a  change  of  climate  is  advisable.  Every  possible  focus 
of  chronic  infection  should  be  dihgently  sought. 

The  treatment  of  the  nervous  system  must  be  carefully  attended 
to.  All  such  possible  precipitating  causes  as  emotional  excitement 
and  nervous  fatigue  should  be  prevented  by  careful  attention  to 
detail.  Some  children  must  be  taken  out  of  school.  Sometimes  a 
change  of  nurse  or  other  attendant,  or  even  the  temporary  absence 
of  the  mother,  is  of  benefit.  Rest  in  bed  in  the  morning  or  after- 
noon, or  both,  is  sometimes  advisable. 

The  evidence  in  favor  of  the  value  of  any  form  of  medication  in 
the  intervals  between  the  attacks  of  recurrent  vomiting  can  only 
be  of  the  inconclusive  clinical  variety.  The  physician  may  freely 
indulge  his  fancy,  provided  that  nothing  be  given  that  can  do  harm. 
The  disease  is  of  such  a  character  that  whatever  he  uses,  he  is  likely 
to  be  convinced  that  he  is  obtaining  "good  results."  Personally,  I 
have  no  suggestions  to  offer. 

The  question  of  whether  in  a  child  showing  recognizable  prodro- 
mata,  the  attack  can  be  aborted  by  medication,  is  an  open  one.  I 
cannot  declare  that  it  cannot  be  so  aborted.  Many  writers  have 
claimed  that  the  giving  of  bicarbonate  of  soda  upon  the  appearance 
of  prodromata  will  sometimes  abort  the  attack.  I  have  seen  cases 
in  which  I  believed  that  I  recognized  prodromata,  and  have  given 
bicarbonate  of  soda,  and  no  attack  occurred.  On  the  other  hand, 
I  have  seen  cases  in  which  I  beUeved  that  I  recognized  prodromata, 
and  have  not  given  bicarbonate  of  soda,  also  proceed  without  an 
attack.  Prodromata  in  recurrent  vomiting  are  indefinite  and  uncer- 
tain. Certainly,  when  given  at  this  stage,  before  vomiting  has  begun, 
the  giving  of  bicarbonate  of  soda  by  mouth  is  not  open  to  the  objec- 
tions which  prohibit  its  use  during  the  attack.  It  may  be  given 
in  doses  of  ten  to  thirty  grains  every  two  hours  until  the  urine  becomes 
strongly  alkaline  and  then  enough  should  be  given  to  keep  the  urine 
akaline. 

It  is  also  advisable,  upon  the  recognition  of  prodromata,  to  induce 
free  catharsis,  and  to  reduce  the  amount  of  food. 

Acid  Intoxication.— The  treatment  of  the  type  of  acidosis  in 
which  clouding  of  the  mentality,  stupor,  or  coma  becomes  the  prom- 
inent symptom,  is  at  first  exactly  like  that  of  recurrent  vomiting. 
Food  or  water  by  mouth  should  be  interdicted,  and  the  rectal  ad- 


The  problems  are  being  attacked  by  modem  methods.  Improved 
methods  of  studying  the  acidity  and  chemistry  of  the  blood  are 
being  published.  The  method  of  studying  acidosis  by  the  estima- 
tion of  the  carbon  dioxide  content  of  the  alveolar  air  has  thrown 
much  light  on  the  relative  form  of  acidosis,  but  has  not  yet  been 
extensively  applied  to  positive  acidosis.  Howland  is  at  present  doing 
much  work  on  acidosis. 

As  an  example  of  the  methods  now  being  employed,  I  note  a 
recent  publication  of  Marriott,  describing  an  improved  method  of 
estimating  quantitatively  the  acetone  bodies  in  the  blood.  He  found 
no  fixed  relation  between  the  amount  in  the  blood  and  the  amount 
in  the  urine.  There  is  also  a  recent  work  by  Fischler  and  Kossow 
on  the  origin  of  the  acetone  bodies.  This  was  an  experimental  study 
on  dogs  by  means  of  Eck's  hstula  on  the  partially  excluded  liver,  and 
showed  that  acetone,  dacetic  acid,  and  beta-oxybutyric  acid,  are 
mainly  formed  in  the  liver.  This  method  of  investigation  seems 
very  promising. 


Diabetes  Mellitus 

DIABETES  MELLITUS 

Diabetes  mellitus  is  a  disorder  of  metabolism  charactt 
accumulation  of  grape-sugar  in  the  blood,  and  by  its 
the  urine  over  long  periods.  It  is  a  rare  disease  in  i 
compared  with  adult  life,  but  is  not  so  rare  as  was  formei 
An  increased  number  of  cases  of  diabetes  mellitus  have  b 
in  the  last  ten  years,  and  this  is  probably  due,  not  to 
frequency  of  occurrence,  but  to  better  recognition  of 
According  to  most  statistics,  only  from  .5  to  i  per  cent 
of  diabetes  mellitus  occur  in  the  first  ten  years  of  life.  Vf 
statistics  show  the  incidence  for  the  first  decade  to  be  ; 
and  it  is  probable  that  the  average  incidence  is  about  2 

ETIOLOGY. — Diabetes  mellitus  can  occur  at  any 
probably  extremely  rare  in  infants.  Knox  found  but 
in  infants  under  one  year  reported  in  the  forty-four  yt 
1852  and  1896,  while  it  has  been  described  in  at  least 
in  the  fifteen  years  between  1896  and  1913.  The  freqi 
disease  in  childhood  apparently  increases  directly  with  tl 
frequency  of  occurrence  of  diabetes  mellitus  in  early  lil 
accurately  estimated,  because  many  cases  have  undou 
overlooked,  owing  to  the  difficulty  of  obtaining  urine 
children,  while  on  the  other  hand,  diabetes  mellitus  is 
diagnosed,  owing  to  the  tendency  of  young  children  to  e 
sugar  and  other  reducing  bodies  in  the  urine,  and  to  exi 
sitory  glycosuria. 

The  preponderance  of  male  diabetics  seen  in  adult  st 
not  hold  for  childhood.  The  two  sexes  appear  to  be  a 
about  equal  freq\iency  in  the  diabetes  of  early  life.  T 
of  race  is  also  not  so  apparent  in  childhood  as  in  adult  lift 
race  not  showing  so  marked  a  predisposition  towards  diab 
in  childhood. 

Heredity  is  an  important  factor  in  the  etiology  of  diabe 
There  are  many  recorded  instances  of  diabetes  in  chil 
a  diabetic  family  history,  but  the  influence  of  heredit 
evident  in  childhood  as  in  adult  life.  Close  investigi 
family  history  has  often  shown  that  the  parents  of  diabi 
were  blood-relatives,  or  that  intermarriage  occurred  in  foi 
tions.  This  is  strongly  suggestive  that  diabetes  in  ch 
endogenous  degenerative  disease.  Syphilis  in  the  fathe 
times  been  recorded,  suggesting  the  possibility  of  a  func 
ness  of  the  pancreas  from  the  syphilitic  virus. 

The  immediately  exciting  cause  of  diabetes  mellitus 
been  most  frequently  described,  is  an  injury  to  the  cen 
system.     Such  injuries  have  come  from  trauma,  as  in 
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or  as  the  result  of  difficult  labor,  or  from  disease  or  deformity  of  the 
brain.  The  relation  of  these  injuries  to  the  disease  is  a  subject  of 
present  day  discussion,  some  authorities  believing  that  diabetes  can 
have  a  neurogenous  origin  independently  of  the  pancreas,  while  others 
believe  that  an  injury  to  the  nervous  system  acts  by  affecting  the 
pancreas.     (Von  Noorden.) 

Diabetes  mellitus  in  children  sometimes  appears  to  foUow  the 
consumption  over  a  long  period  of  an  excessive  quantity  of  sugar. 

The  general  etiology,  the  pathogenesis,  and  the  abnormalities  of 
metabolism  in  diabetes  mellitus  have  aroused  great  interest  in  recent 
years,  and  have  been  the  subject  of  much  experimental  investigation. 
Owing  to  the  rarity  of  the  disease  in  early  life,  this  is  not  the  place  for 
a  lengthy  consideration  of  these  subjects,  and  the  reader  is  referred  to 
the  works  which  consider  the  disease  in  adults,  and  to  the  voluminous 
special  literature  of  the  subject.  A  brief  summary  of  the  newer  teach- 
ing concerning  the  disease  may,  however,  be  useful  and  interesting 
to  those  who  have  not  followed  the  recent  literature.  Such  a  sum- 
mary will  be  found  under  the  heading  of  problems  and  research. 

PATHOLOGICAL  ANATOMY.— Diabetes  mellitus  shows  no  con- 
stant characteristic  lesions.  In  a  certain  number  of  cases,  some 
lesion  of  the  central  nervous  system,  either  developmental,  or  the 
result  of  trauma,  or  from  acquired  disease,  has  been  found.  In 
many  cases  there  is  no  lesion  of  the  nervous  system. 

In  the  last  two  decades,  increasing  attention  has  been  paid  to  the 
pancreas.  In  the  older  autopsies  the  condition  of  this  organ  was 
usually  not  recorded,  while  in  more  recent  records  there  is  frequent 
mention  of  a  small  size  and  shrunken  condition  of  the  organ.  A 
diminution  in  the  number  of  the  islands  of  Langerhans  has  been  often 
recorded  of  late,  and  some  authorities  beheve  that  a  careful  count  of 
the  number  of  islets  in  a  given  area  will  often  if  not  always  show 
such  a  diminution  in  diabetes. 

SYMPTOM  S.^ — The  chief  symptoms  of  diabetes  mellitus  are  the 
same  in  children  as  in  adults,  namely  increase  in  the  secretion  of 
urine,  excessive  thirst  and  hunger.  The  onset  of  the  disease  has 
generally  been  described  as  much  more  rapid  and  sudden  in  chil- 
dren than  in  adults.  This  is  probably  not  markedly  the  case,  but 
the  disease  has  appeared  to  come  more  suddenly,  because  it  has  not 
been  recognized  in  its  early  stages.  The  urine  of  children  is  not 
examined  as  often  as  that  of  adults,  and  symptoms  in  children  in 
the  early  stage  are  not  pronounced,  and  consequently  the  disease  is 
not  recognized  until  marked  symptoms  have  betrayed  the  existence 
of  the  disease  which  appears  to  be  already  in  a  severe  stage.  Never- 
theless, it  is  probable  that  acute  types  are  met  with  in  childhood 
more  often  than  in  adult  life. 
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dietary  regulation,  the  sugar  disappears.  In  the  severe  stage,  the 
quantity  of  urine  excreted  in  twenty-four  hours  is  increased  to  from 
two  to  four  times  the  normal,  and  the  specific  gravity  is  increased 
up  to  1040  or  even  more.  Sugar  is  constantly  present,  varying  in 
amount  up  to  60  grammes  or  even  more  in  twenty-four  hours.  The 
urine  contains  varying  amounts,  first  of  acetone,  later  of  diacetic 
and  oxybutyric  acids,  and  large  amounts  of  ammonia.  There  is 
usually  a  trace  of  albumin,  and  as  coma  approaches,  an  increasing 
number  of  the  small,  so-called  "coma  casts,"  are  seen  in  the  sediment. 
The  complicating  organic  diseases  so  common  in  the  diabetes  of 
adult  fife  are  almost  never  seen  in  the  diabetes  of  childhood. 

DIAGNOSIS.— The  diagnosis  of  diabetes  mellitus  in  children,  as 
in  adults,  depends  upon  the  finding  in  the  urine  of  the  constant 
presence  of  dextrose,  when  the  patient  is  on  a  normal  diet.  This 
is  positive  proof  of  the  existence  of  the  disease. 

Diabetes  in  children  is  often  overlooked,  especially  in  the  early 
stages,  on  account  of  the  common  neglect  of  urinary  examinations. 
In  all  cases,  such  symptoms  as  enuresis,  thirst,  abnormal  appetite, 
irritation  of  the  external  genitals,  and  wasting,  should  lead  to  uri- 
nary examination. 

Diabetes  mellitus  is  sometimes  wrongly  diagnosed,  especially  in 
infants.  In  a  number  of  conditions  in  infancy,  lactose,  or  the  split 
product  galactose,  enters  the  circulation  through  the  intestinal  wall, 
and  is  excreted  in  the  urine.  With  the  ordinary  test  with  Fehling's 
solution,  lactose  will  give  a  reduction,  and  such  a  reduction  has  led 
to  many  errors  in  diagnosis.  For  the  tests  which  distinguish  dex- 
trose from  the  other  sugars,  such  as  the  phenylhydrazin  test,  the 
reader  is  referred  to  works  on  chemistry.  A  simple  test  for  ordinary 
clinical  use  is  the  following:  Boil  the  urine  with  an  equal  amount 
of  a  io*/i>  solution  of  sodium  hydrate  for  three  minutes.  Then  add 
Fehling's  solution  and  boil  again.  If  the  Fehling's  solution  is  reduced, 
the  sugar  is  lactose,  not  dextrose. 

Another  diificulty  in  diagnosis  comes  from  transitory  glycosurias, 
which  are  fairly  common  in  children.  Some  children  have  a  definite 
intolerance  toward  carbohydrate,  which  is  not  progressive  in  char- 
acter. These  cases  are  recognized  by  the  fact  that  glycosuria  does 
not  occur  with  a  normally  balanced  diet,  but  appears  temporarily 
after  the  eating  of  an  excessive  quantity  of  carbohydrate  The 
finding  of  sugar  in  a  single  specimen  of  urine  should  never  be  con- 
sidered evidence  enough  to  warrant  a  diagnosis  of  diabetes.  Only 
if  the  sugar  is  constantly  present  with  a  normal  diet,  or  if  intolerance 
as  shown  by  glycosuria  toward  an  excess  of  carbohydrate  is  increas- 
ing, should  diabetes  mellitus  be  diagnosed.  Rare  cases  have  also 
been  reported  of  glycosuria  in  children,  probably  dependent  upon 
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some  transitory  disorder  of  the  pancreas,  which  disappears  in  a 
few  weeks.  Diabetes  mellitus  should  be  strongly  suspected  in  such 
cases,  but  a  positive  diagnosis  should  not  be  made  unless  the  glyco- 
suria persists  for  a  considerable  time,  or  unless  other  symptoms  of 
diabetes  mellitus  are  present. 

PROGNOSIS. — If  the  diagnosis  of  true  diabetes  be  certain,  the 
prognosis  in  children  is  almost  without  exception  unfavorable.  Prac- 
tically the  only  hope  for  the  child  is  that  some  form  of  transitory 
glycosuria  is  present.  The  lapse  of  time,  or  the  progressive  appear- 
ance of  symptoms  finally  settles  the  point.  After  complete  failure 
of  carbohydrate  tolerance  occurs,  prc^ess  toward  a  fatal  ending  is 
very  rapid  in  children.  Before  complete  failure  occurs,  the  course 
of  the  disease  is  very  variable  in  length. 

TREATMENT.— In  spite  of  the  hopelessness  of  the  prognosis,  it 
is  the  physician's  duty  to  prolong  life  as  much  as  possible.  The 
treatment  is  mainly  dietary,  and  is  conducted  in  the  same  way  as  in 
the  diabetes  of  adults.  Carbohydrate  should  first  be  gradually  with- 
drawn from  the  diet  until  the  urine  bscomes  sugar-free,  and  then, 
by  the  gradual  addition  of  a  measured  quantity  of  bread,  or  some 
other  carbohydrate,  the  tolerance  can  be  definitely  determined.  In 
mild  cases,  in  which  there  is  a  definite  carbohydrate  tolerance,  the 
diet  should  be  carefully  arranged  in  such  a  way  that  the  carbohydrate 
given  is  within  the  limit  of  tolerance,  with  an  occasional  day  of 
strict  carbohydrate-free  diet.  The  details  of  the  arrangement  of  the 
diet  depend  upon  the  age,  appetite,  and  powers  of  digestion  of  the 
individual  child,  and  cannot  be  illustrated  by  definite  schemata. 
The  quantity  of  the  protein  should  also  be  reduced  if  possible,  but 
should  not  be  below  2  grammes  per  kilogram  of  body  weight.  Usu- 
ally the  protein  cannot  be  reduced  as  low  as  this,  as  the  caloric  value 
of  the  diet  cannot  be  maintained  by  fat  without  indigestion,  or  by 
carbohydrate  without  overstepping  the  tolerance.  The  experience 
of  many  observers  suggests  that  oatmeal  is  the  form  of  carbohy- 
drate best  tolerated  in  the  diabetes  of  children,  although  this  has 
not  been  finally  proven. 

In  infants,  in  whom  the  development  of  the  digestive  apparatus 
does  not  permit  a  varied  diet,  and  whose  food  consists  of  milk,  it 
is  often  difficult  to  determine  the  limits  of  carbohydrate  tolerance 
on  account  of  the  quantity  of  lactose  contained  in  all  milk  modifica- 
tions. Carbohydrate  can  be  greatly  reduced,  if  not  completely  ex- 
cluded, by  the  use  of  precipitated  casein,  either  alone  in  a  suspen- 
sion, or  in  the  form  of  albumin  milk.  With  precipitated  casein  and 
top  milk  (i6%  cream)  a  formula  can  be  arranged  containing  — Fat 
2%, — ^Lactose  .40%. — Protein  2.5%.  (See  Division  on  Feeding.)  If 
with  such  a  food  glycosuria  is  present,  the  carbohydrate  tolerance 


Diabetes  Insipidus 

charge  of  sugar,  may  theoretically  produce  diabetes  m( 
explains  the  experimental  production  of  diabetes  throu. 
the  nervous  system,  and  its  occasional  clinical  associatic 
injury.     Practically,  however,  von  Noorden  and  his  folio 
that  the  most  important  causes  in  human  diabetes  are 
lessen  the  inhibitory  action  of  the  pancreas,  such  as  d'n 
pancreas,  and  disorders  of  the  organs  which  influence  the 
function.     Whatever  the  ultimate  cause,  there  is  in  all  a 
betes  an  abnormal  irritabihty  of  the  dextrose- forming  me 
the  liver.     The  rational  treatment  of  diabetes  consequent 
in  efforts  to  calm  this  excessive  irritabihty  by  the  avoidam 
ulation.     The  taking  of  sugar  acts  as  a  stimulus  to  the  j 
function  of  the  liver,  and  it  is  for  this  reason  that  the  carb 
are  to  be  so  limited  as  to  lie  within  the  tolerance  of  the  ii 
as  shown  by  absence  of  glycosuria.     There  is  evidence  th 
certain  circumstances   the  proteins  may  act  as  stimulant 
liver  cells,  but  the  fats  are  not  excitants.     The  protein, 
cannot  be  kept  low  too  long.    Acidosis  and  diabetic  coma 
result  of  an  insufficient  supply  of  carbohydrate.    The  success 
cases  of  the  "oatmeal  cures"  suggests  that  some  forms  of  c 
drate  stimulate  the  discharge  of  dextrose  less  than  others.    I 
so,  the  reason  is  unknown.     Some  recent  writers  believe  thf 
is  no  special  value  in  oatmeal,  having  obtained  equally  good 
with  wheat  flour.    This  is  explained  on  the  theory  that  th 
results  come  from  the  use  of  a  single  variety  of  carbohydrate 
than  from  a  special  variety,  the  use  of  a  single  variety  allow 
increased  tolerance  to  take  place  in  the  same  way  that  tolerar, 
a  drug  is  increased. 

DIABETES  INSIPIDUS 

Diabetes  Insipidus  was  described  by  Johann  Peter  Frank  in 
as  "a  long  continued,  abnormally  increased,  secretion  of  non-sat 
rine  urine  which  is  not  caused  by  a  diseased  condition  of  the  kidn 
This  original  definition  still  holds  good.  The  disease  is  much 
common  than  diabetes  mellitus,  its  occurrence  being  about  14 
100,000  dispensary  cases.  It  is  less  common  than  diabetes  mell 
even  in  childhood,  although  more  common  in  proportion  to 
total  number  of  cases  at  all  ages.  About  10  to  15  per  cent  of 
total  number  of  cases  occur  in  the  first  ten  years  of  life,  the  majoi 
being  in  the  latter  half  of  the  decade. 

ETIOLOGY. — Diabetes  insipidus  has  no  constant  pathologi 
anatomy.  The  cases  which  have  come  to  necropsy  have  sho 
various  pathological  conditions,  mainly  involving  the  brain.  1 
most  common  anatomical  lesion  has  been  tumor,  either  of  neopla: 
or  inflammatory  origin.     The  most  frequent  situation  for  these  tum 
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has  been  in  or  near  the  floor  of  the  fourth  ventricle,  or  in  the  hypo- 
physis. On  the  other  hand,  tumors  in  these  situations  often  do  not 
cause  the  symptom-complex  characteristic  of  diabetes  insipidus. 

Syphilis  is  frequently  mentioned  in  the  literature  as  an  etiological 
factor  in  connection  with  the  lesions  found  in  diabetes  insipidus. 
In  such  cases  the  lesion  is  either  a  gumma  in  the  floor  of  the  fourth 
ventricle  or  hypophysis,  a  syphilitic  basilar  meningitis,  or  a  syphi- 
litic endarteritis. 

A  certain  number  of  cases  have  been  reported  in  which  no  demon- 
strable anatomical  lesion  was  found.  The  facts  have  led  to  the 
classiiicarion  of-  diabetes  insipidus  under  two  types:  (i)  primary  or 
idiopathic,  and  (2)  secondary  or  symptomatic. 

The  real  etiology  and  pathogenesis  of  diabetes  insipidus  remains 
unknown.  There  are  three  theories  in  vogue  at  the  present  time: 
(i)  that  the  symptom- complex  is  due  to  a  faulty  power  of  concen- 
tration on  the  part  of  the  kidney;  (2)  that  it  is  due  to  a  primary  poly- 
dipsia of  neurogenous  origin,  with  norma!  kidney  function;  (3)  that 
it  is  due  to  a  symptomatic  polyuria  caused  by  stimulation  of  the 
kidney  from  a  variety  of  sources,  including-  stimulation  through  the 
nervous  system,  and  from  hypersecretion  of  the  hypophysis.  In  my 
opinion  the  first  theory  is  improbable,  and  the  weight  of  evidence  is 
about  equally  balanced  between  the  last  two. 

SYMPTOM  S. — The  symptoms  are  directed  especially  to  the  • 
urine,  which  is  passed  in  very  large  quantities;  in  one  case  of  Trous- 
seau's, in  an  adult,  amounting  to  twenty-eight  quarts  a  day.  There 
is  a  very  low  specific  gravity,  varying  from  looi  to  1005  or  1007. 
Glucose  is  never  present,  but  inosite  (muscle  sugar)  has  at  times  been 
noted.  Albumin  and  casts  are  of  only  rare  occurrence.  The  total 
solids  are  normal  or  in  many  cases  greatly  increased. 

Intense  thirst,  a  dry  skin,  disturbance  in  the  surface  circulation, 
and  general  nervous  symptoms  are  often  present.  Emaciation  is 
not  so  marked  as  in  diabetes  melUtus,  but  usually  takes  place  grad- 
ually. The  children  are  often  stunted  in  growth,  the  development 
of  bone  and  muscle  being  particularly  deficient.  The  appetite  is 
usually  good.  Often  the  general  health  is  not  interfered  with,  and 
the  disease  may  last  for  a  period  of  years. 

DIAGNOSIS. — This  condition  is  to  be  distinguished  from  nervous 
or  hysterical  polyuria,  which  is  of  temporary  duration  and  is  asso- 
ciated with  other  hysterical  symptoms. 

It  is  differentiated  from  diabetes  melhtus  by  the  absence  in  the 
urine  of  dextrose  or  grape  sugar,  and  by  the  low  specific  gravity  of 
the  urine. 

Chronic  nephritis  may  be  excluded  from  the  diagnosis  by  the 
presence  of  albumin  and  casts  and  the  low  percentage  of  solids  elim- 


cannot  be  regarded  as  different  stages,  or  different  degrees  of  severity. 
Many  children  show  only  the  manifestations  characteristic  of  one 
clinical  type.  Other  children  show  a  combination  of  laryngeal  spasm 
with  either  convulsions,  or  tetany.    We  do  not  know  why  spasmo- 


434  CONSTITDTIONAL  DISEASES 

cases,  death  occurs  not  from  suffocation,  but  from  a  stopping  of  the 
heart,  and  consequently  artificial  respiration  is  of  no  avail.  One 
attack  may  precipitate  another,  and  twenty  or  more  seizures  have 
been  observed  in  twenty-four  hours,  some  severe,  some  of  the  mild 
type.  The  attacks  are  much  commoner  by  day  than  by  night,  are 
usually  precipitated  by  some  psychic  excitation,  and  do  not  oftea 
come  on  during  sleep,  except  at  the  moment  of  sudden  waking. 
Sometimes  an  attack  of  laryngospasmus  may  be  followed  by  general 
convulsions.  Occasionally  the  spasm  occurs  after  inspiration  when 
the  lungs  are  filled;  this  is  a  dangerous  form,  and  its  character  is 
often  overlooked  because  there  is  no  crowing  inspiration  at  the  end 
of  the  seizure. 

Laryngeal  spasm  is  the  spasmophilic  manifestation  which  is  par- 
ticularly associated  with  rachitic  children;  it  is  a  rare  manifestation 
after  the  second  year. 

Convulsions. — ^The  eclamptic  attacks  of  spasmophilia  consist  in 
localized  or  general  clonic  twitching  of  the  muscles  with  loss  of 
consciousness.  They  in  every  way  resemble  attacks  of  true  epilepsy. 
In  the  milder  cases  the  twitching  is  confined  to  the  muscles  of  the 
cheeks,  eyeUds,  eyeballs,  and  often  the  neck.  More  commonly  the 
entire  face  and  all  the  extremities  are  involved,  and  the  convulsion 
may  occasionally  be  bilateral  at  the  start.  Consciousness  is  lost 
from  the  beginning  of  the  attack,  the  pupils  do  not  react,  and  the 
cutaneous  reflexes  are  absent.  Only  exceptionally  is  there  a  stage 
of  tonic  spasm.  In  severe  cases  the  picture  is  very  characteristic, 
with  violent  twitching  of  the  face,  staring,  wide-open  eyes,  either 
twitching  or  turned  upward,  froth  at  the  mouth,  and  the  entire  body 
shaken  by  rythmic  jerks.  The  fontanelle  in  an  attack  is  tense,  the 
pulse  is  rapid  and  irregular,  and  urine  and  stool  may  be  passed 
involuntarily. 

The  duration  of  an  attack  is  usually  from  one-half  to  two  minutes; 
only  very  rarely  does  it  last  longer  than  three  minutes.  One  attack 
may,  however,  be  closely  followed  by  another,  causing  a  "status 
eclampticus."  At  the  end  of  the  attack  the  motor  irritability  usu- 
ally gradually  diminishes,  and  the  child  sinks  into  a  sleep,  from  which 
he  awakes  apparently  normal.  An  attack  may  be  followed  by  a 
brief  febrile  reaction,  and  fever  is  usually  seen  when  the  seizures 
are  frequent.  Apart  from  these  attacks,  fever  is  not  seen  in  spasmo- 
philia. 

The  convulsions  of  spasmophilia  may  appear  only  once,  but  this 
is  uncommon.  Usually  the  attacks  are  repeated,  but  the  intervals 
show  the  greatest  extremes  of  irregularity.  The  seizures  may  occur 
daily,  twice  a  day,  twenty  times  a  day,  or  at  intervals  of  weeks  or 
months.    There  is  absolutely  no  rule  as  to  the  time  and  frequency 
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of  the  recurrences.  Attacks  may  continue  daily  fo 
weeks,  and  then  cease  abruptly  without  treatment;  tl 
spontaneously  at  any  time.  Relatively,  these  eclampt 
much  less  dangerous  than  the  severe  form  of  larynge 

The  attacks  often  show  evidence  of  being  precipit 
special  cause,  such  as  acute  digestive  disturbance,  abd 
tion,  or  the  onset  of  an  acute  infection.  It  is  probat 
of  the  convulsions  of  early  hfe  which  are  considered 
reflex,  such  as  those  associated  with  teething,  worms 
and  foreign  bodies,  would  show  a  background  of  spasr 
cases  were  thoroughly  examined.  Many  cases  ori 
epilepsy,  which  later  recover,  are  probably  also  spasm 

Tetany. — This  type  is  characterized  by  a  peculia 
of  the  hands  and  feet.  The  hands  tend  to  assume 
"obstetrical  position."    The  wrist  is  sharply  flexed  ar 


ward;  the  thumb  in  the  position  of  extension  is  dra 
palm  of  the  hand  beneath  the  fingers,  which  are  flexet 
carpo-phalangeal  joints,  but  otherwise  are  in  the  positio 
The  feet  are  rigidly  extended  and  may  be  in  the  posi 
equinus  or  of  equino-varus.  The  phalanges  of  the  t 
and  extended  in  the  same  way  as  those  of  the  fingers 

These  tonic  contractions  are  paroxysmal,  and  vary  g 
duration.  They  usually  last  about  an  hour,  but  may 
tion  of  only  a  few  minutes,  or  may  last  for  hours  or  ev 
contractions  are  painful  at  times,  especially  if  effort 
overcome  the  spasm.  In  prolonged  spasm,  edema 
or  feet  may  appear.  The  position  of  the  hands  is  oft 
in  very  young  infants,  the  phalanges  not  being  so  rig 
but  the  abnormal  character  of  the  position  can  usu 
recognized.    Tetany  of  the  feet  is  unmistakable. 

Other  groups  of  muscles  may  be  involved  in  tonic  s 
cases,  especially  the  muscles  of  the  face,  causing  a  pi 


Spasmophilia 

Chvostek's  Sign. — While  the  testing  of  the  elect 
is  the  most  thorough  method  of  investigation  in  susp 
philia,  the  testing  for  mechanical  hyperirritability  is 
more  easily  carried  out  in  ordinary  chnical  examinatit 
sists  in  percussion  over  the  nerve  trunk,  which  causes  a 
tion  just  as  if  the  nerve  were  electrically  stimulated 
easiest  to  carry  out  on  the  facial  nerve.  The  physi 
series  of  sharp  taps  with  the  tip  of  the  finger  on  varioi 
outer  part  of  the  cheek.  When  he  strikes  a  nerve  tr 
be  a  rapid  contraction  of  the  muscles  supplied  by  tht 
is  called  Chvostek's  sign.  Sometimes  all  the  muscle: 
the  facial  nerve  are  involved  in  the  contraction,  bi 
either  the  lower  branches  are  struck,  producing  a  cont 
muscles  about  the  mouth,  or  the  upper  branches,  pro 
traction  of  the  muscles  about  the  eye  (Weiss'  phenom 

It  must  be  remembered  that  Chvostek's  sign  is  not 
as  constant  in  spasmophilia  as  is  the  increased  galvani 
Its  chief  value  is  in  infancy;  it  is  usually  present  in 
infants,  and  when  present  is  diagnostic.  It  can,  howe 
even  in  the  spasmophilia  of  infancy,  and  is  more  likel> 
in  older  children.  Sometimes  when  the  facial  phenome 
contraction  in  the  hand  or  foot  may  be  obtained  by  taj 
appropriate  points  of  the  radial  or  peroneal  nerves.  1 
tried  in  such  cases,  particularly  if  the  physician  is  nc 
test  the  electrical  reactions. 

The  presence  of  Chvostek's  sign  is  sufficient  to  estal 
nosis.  The  absence  of  the  sign,  however,  does  not 
mophilia. 

Trousseau's  Sigk.— This  depends  on  the  fact  thi 
philia,  compression  of  the  nerve  trunks  of  the  upper  a 
the  hand  to  assume  the  contraction  characteristic  oi 
elastic  constriction  band  is  put  about  the  arm  in  the 
bicipital  fork,  and  is  left  in  place  for  several  minutes 
cases,  the  hand  assumes  the  characteristic  "obstetri 
from  which  it  can  only  be  moved  by  the  use  of  force. 

When  present.  Trousseau's  phenomenon  is  diagnosti 
ever,  often  absent  in  spasmophilia.  An  objection  to  i 
is  that  it  is  somewhat  painful.  Furthermore,  in  chil 
the  type  of  spasmophilia  characterized  by  laryngea 
testing  of  Trousseau's  phenomenon  may  precipitate  ar 
its  attendant  dangers.  This  sign  should  only  be  teste< 
for  testing  the  electrical  reactions  is  not  at  hand,  and  C 
is  absent. 

COURSE  AND  COMPLICATIONS.— Spasmophilia 


When  the  instituting  of  treatment  is  followed  by  prompt  disappear- 
ance of  symptoms,  and  the  electric  reactions  become  normal,  one  is 
tempted  to  conclude  that  the  treatment  brought  about  the  improve- 
ment. It  may  be  so,  but  one  should  remember  that  similar  im- 
provement may  occur  suddenly  without  treatment. 

Even  when,  with  or  without  treatment,  improvement  occurs,  it 
does  not  necessarily  mean  that  the  disease  is  cured.  The  manifest 
symptoms  of  the  disease — laryngeal  spasm,  convulsions,  or  tetany— 
usually  improve  rapidly  under  treatment.  The  increased  electrical 
excitability  may  be  more  obstinate.  This  too,  however,  may  dis- 
appear with  or  without  treatment.  Later,  with  a  change  of  diet, 
change  of  surroundings,  or  without  obvious  cause,  the  symptoms  are 
very  apt  to  recur.  In  cases  treated  by  feeding  with  human  milk, 
the  symptoms  are  particularly  apt  to  recur  when  cow's  milk  is  given 
again.  Patients  may  be  free  from  signs  of  spasmophilia  in  summer, 
with  recurrence  in  winter.  The  course  of  every  case  is  different. 
The  symptoms  may  be  confined  to  one  clinical  type,  or  may  pass 
over  into  another. 

One  complication,  or  rather  manifestation,  of  the  disease  remains 
to  be  mentioned.  In  all  forms  of  spasmophilia,  sudden  death  occa- 
sionally occurs.  The  cause  is  sudden  cessation  of  the  heart,  and 
this  may  occur  not  only  during  an  attack  of  larjTigeal  spasm,  or  less 
often  during  a  convulsion,  but  occasionally  without  any  paroxysmal 
manifestation.  A  large  meal  appears  to  be  the  usual  precipitating 
cause  in  such  cases.  These  sudden  deaths  in  spasmophilia  have  been 
particularly  described  by  European  writers,  but  I  have  seen  them 
in  this  country.  The  cause  of  death  is  supposedly  a  tetany  of  the 
heart-muscle.  It  is  probable  that  many  deatiis  attributed  to  "status 
lymphaticus"  for  lack  of  other  discoverable  cause,  were  really  cases 
of  spasmophilia. 

DIAGNOSIS. — The  diagnosis  depends  on  the  finding  of  electrical 
or  mechanical  overexcitability  of  the  peripheral  nerves.  Chvostek's 
sign,  or  Trousseau's  sign,  or  increased  electrical  reactions,  when  posi- 
tive, are  diagnostic. 

In  a  well-marked  case  of  the  tetany  type,  or  in  a  case  with  typical 
severe  laryngospasmus,  the  diagnosis  is  unmistakable.  The  common 
mild  type  of  laryngeal  spasm  is,  however,  not  necessarily  of  spas- 
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with  the  question  of  the  r6Ie  of  diet.  There  are  two  principal  theo- 
ries for  the  cause  of  the  disturbance  of  metabolism.  These  are  the 
following: 

1.  That  the  disturbance  is  due  to  a  variety  of  causes,  among 
which  are  unsuitable  food,  indigestion,  lack  of  fresh  air,  faulty  hy- 
gienic surroundings,  acute  infections,  and  so  forth. 

2.  That  the  disturbance  is  due  to  anatomical  or  functional  insuffi- 
ciency of  the  parathyroid  glands. 

These  two  theories  are  not  mutually  exclusive.  It  is  very  prob- 
able that  the  various  causes  enumerated  in  the  first  theory  may  all 
play  an  etiological  r61e.  The  question  is  whether  the  influence  of 
the  parathyroids  is  a  necessary  feature  in  the  production  of  the 
disease.  The  literature  of  the  last  few  years  is  full  of  investigations 
upon  this  point 

The  parathyroid  theory  of  tetany  and  spasmophilia  depends  on 
the  fact  that  tetany  may  be  produced  experimentally  in  dogs  by 
extirpation  of  the  parathyjoids.  A  great  number  of  writers  have 
attempted  to  show  that  this  experimental  tetany  is  identical  with 
postoperative  and  spontaneous  human  tetany.  The  chief  argument 
in  favor  of  this  is  the  identity  of  the  clinical  symptoms,  and  of  the 
disturbance  of  calcium  metabolism. 

The  theory  has  been  attacked  by  a  number  of  writers,  chiefly 
those  who  believe  strongly  in  the  dietetic  origin  of  spasmophilia. 
The  arguments  against  the  parathyroid  theory  are  that  it  is  a  mere 
hypothesis,  unsupported  by  any  pathological  or  anatomical  findings. 
Also,  since  milk  diet  seems  to  be  favorable  in  the  experimental  tetany 
of  dogs,  it  has  been  argued  that  spasmophiha  and  experimental  tetany 
are  entirely  different  conditions.  The  reply  to  this  has  been  that 
pediatricians  are  too  anxious  to  find  things  to  prove  the  dependency 
of  tetany  on  diet. 

A  number  of  statistical  post-mortem  researches  have  been  pub- 
lished on  the  parathyroids.  Erdheim  first  described  hemorrhages 
into  the  parathyroids,  occurring  at  birth,  and  a  number  of  inves- 
tigators have  found  hemorrhage,  or  the  residuals  of  hemorrhage,  in 
the  parathyroids  in  numerous  post-mortems  of  infants.  On  this 
ground,  a  number  of  authorities  believe  that  spasmophilia  is  caused 
by  disturbed  or  lowered  parathyroid  function,  due  to  the  effect  of 
these  hemorrhages. 

Other  investigators  have  failed  to  find  very  much  evidence  of  an 
anatomical  lesion  of  the  parathyroids.  Still  others  have  found  such 
traces,  without  evidence  of  spasmophilia. 

Among  recent  investigators  are  a  number  supporting  the  hypo- 
thesis that  spasmophilia  is  caused,  not  by  traumatism  of  the  para- 
thyroids during  birth,  but  rather  by  subsequent  disturbance  of  their 
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ETIOLOGY,— The  cause  of  pellagra  is  unknown.  The  available 
evidence  bearing  on  etiology,  has  given  rise  to  two  distinct  theories 
as  to  the  cause  of  the  disease. 

1.  The  first  theory  is  that  pellagra  is  due  to  an  improper  diet. 
The  most  recent  evidence,  while  against  the  spoiled  maize  theory, 
points  toward  the  assodation  of  pellagra  with  a  vegetarian  diet, 
containing  a  preponderance  of  cereal.  This  has  been  explained  on 
the  theory  of  the  vitamins,  advanced  by  Funk.  A  cereal  diet  is 
supposed  to  be  deficient  in  certain  substances  essential  to  proper 
nutrition  and  metabolism.  This  theory  would  bring  pellagra  into 
the  same  etiological  group  as  beriberi  and  scurvy.  Other  sugges- 
tions in  connection  with  the  dietetic  origin  of  pellagra,  are  that  it 
may  be  caused  by  the  to3dc  action  of  substances  like  aluminum, 
which  are  present  in  large  amounts  in  cereals,  or  to  silica,  which  is 
present  in  excess  in  certain  drinking  waters,  A  deficiency  of  amino 
acids  has  also  been  suggested  as  a  possible  explanation  of  a  dietetic 
etiology. 

2.  The  second  theory  is  that  pellagra  is  an  infection,  caused  by 
a  parasite.  The  brilliant  researches  of  Sambon  constitute  the  chief 
foundation  for  the  parasite  theory.  Sambon  believes  that  the 
disease  is  an  insect-borne  infection  caused  most  probably  by  a  pro- 
tozoal parasite,  and  transmitted  by  a  fly  of  the  genus  Simulium 
The  Simulium  reptans,  incriminated  by  Sambon,  is  not  found  in 
this  country,  but  the  Simulium  vittitatum,  or  buffalo  gnat,  is  fre- 
quently encountered.  Some  writers  are  inclined  to  suspect  this 
insect,  while  others  believe  that  in  this  country  the  evidence  should 
eliminate  the  Simulia,  but  believe  that  the  disease  is  transmitted 
by  some  other  variety  of  biting  insect. 

The  evidence  for  and  against  these  two  theories  appears  to  be 
fairly  evenly  balanced.  It  will  be  further  discussed  under  Problems 
and  Research,  There  are  certain  known  facts  of  importance  in  con- 
nection with  the  etiology  of  the  disease, 

Age.^ — No  age  is  exempt.  The  disease  is  comparatively  rare  in 
infants  under  two  years  of  age,  and  very  rare  in  infants  under  three 
or  four  months.  In  children,  pellagra  occurs  most  often  between 
the  ages  of  two  and  ten  years.  It  becomes  less  common  again  in 
the  first  years  after  puberty. 

Sex. — The  preponderance  of  victims  among  the  female  sex  is  a 
notable  characteristic  of  the  disease  in  adults.  In  children  this  does 
not  hold,  and  the  disease  appears  to  be  about  equally  distributed 
between  the  sexes. 

Climate  and  Distribution. — Pellagra  appears  to  be  very  gen- 
erally distributed,  and  no  climate  or  country  is  entirely  exempt. 
There  are,   however,  very  marked  variations  in   the   frequency  of 
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tailed  account  of  the  pathological  anatom; 
is  referred  to  the  special  literature  of  the  s\; 
skin  is  an  angioneurotic  process  similar  to 
forme.  In  the  internal  organs  the  essentia 
infiltration  with  mononeuclear  cells.  Th( 
lesions  are  found  in  the  ner\'ous  system  an 
tract.  In  the  nervous  system  various  d 
found,  which  apparently  represent,  not  a 
process,  suggesting  a  toxic  degeneration,  a 
cells  and  nerve  fibres.  In  the  spinal  cord 
marked  in  the  columns  of  Goll  and  Burdac 
gastro- intestinal  tract  appear  to  be  an  esser 
rather  than  secondary  manifestations.  T] 
chronic  catarrhal  inflammation,  with  exfolia 
and  infiltration  of  the  stroma. 

SYMPTOMS— The  principal  features  of 
of  pellagra,  are  symmelrical  skin  lesions,  gaslrc 
and  certain  nervous  manifestations. 

Cutaneous  Manifestations. — The  symm 
pellagra  are  considered  pathognomonic.  The 
in  intensity,  which  causes  corresponding  variat 
The  general  character  of  the  rash  is  that  of 
mildest  form,  the  eruption  presents  the  appea 
reddish  erythema.  In  more  severe  cases,  then 
ing  of  the  skin  resembling  sunburn.  In  a  latei 
present  a  grey  scaling  appearance.  After  the  i 
some  time,  there  is  often  marked  thickening  of  1 
numerous  fissures  are  formed.  In  some  cases  tl 
tion  of  bullae,  this  being  called  the  wet  type,  ir 
the  dry  type  characterized  only  by  erythema  an 
ing  of  the  skin. 

Both  the  wet  and  the  dry  types  occur  in  chil 
is,  however,  very  much  more  common  in  ciiil 
type,  and  was  the  only  form  of  rash  observed  bj 
ages  of  the  South. 

The  distribution  of  the  rash  is  peculiar.  It 
monly  on  the  exposed  portions  of  the  body.  1 
of  the  rash  is  the  backs  of  the  hands,  and  the  d 
feet.  In  some  cases  only  the  hands  are  aflecled, 
backs  of  the  hands  were  lacking  in  only  5  per  c 
cases  in  children.  In  a  certain  number  of  f"^ 
appearing  on  the  backs  oE  the  bands  and  feet,  es 
side  of  the  arms  to  the  elbows,  and  up  the  calves 
knees. 


Pellagra 

The  rash  may  less  commonly  invade  other  portions  ol 
The  neck  and  face  are  affected  next  in  frequency  to  the 
The  extent  of  the  invasion  is  variable.  Casal'5  "necklat 
ji^  completely  around  the  neck,  and  the  "mask,"  in 
entire  face,  are  rare,  Weston  has  observed  the  rash 
occasionally  on  the  palms  and  soles,  on  the  front  of  tb 
on  the  abdomen. 


Annie  V.,  white,  aged  6;  fifth  attack  of  pellagra;  Gist  attack  occun 
the  age  of  i 

The  duration  of  the  rash  is  very  variable.  It  ma 
rapidly,  leaving  the  skin  somewhat  smooth  and  glistenin 
however,  it  persists  for  an  indefinite  period,  and  finally 
by  desquamation,  leaving  the  skin  smooth,  and  somewh 
color  than  the  adjoining  skin.  Itching  and  burning  ma> 
especially  during  the  stage  of  desquamation. 

The  essential  feature  of  the  rash  of  pellagra  is  its 
character.  Although  it  appears  chiefly  on  the  exposec 
cannot  be  prevented  from  appearing  by  protection  from  1 
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E  Mouth.— The  tongue  in  pellagra 
is  often  fissured.  These  appearance 
litheUum,  and  to  a  glossitis.      The    i 


losUh  F.,  ag«d  iS  monihs; «« vuitt)' »>  1 
(By  courtesy  ol  Dr.  J.  j.  Walsot,  O*""'* 
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able  at  the  sides  and  tip.  The  entire  mucous  membrane  of  the 
mouth  is  sometimes  redder  than  nonnal,  but  does  not  often  in  chil- 
dren have  the  fiery  redness  seen  in  severe  cases  in  adults.  The 
lips  are  also  often  fissured. 

Gastro-Intestinal  Symptoms. — These  are  more  pronounced,  ac- 
cording to  Weston,  in  very  young  children  than  in  those  over  four 

FiQ.  104 


Pellagra  in  Italy.     Photograph  from  Dr.  Etigenio  Bravetta,  Mombcllo,  Italy 

years  old.    Young  children  show  a  tendency  to  indigestion,  and 
often  suffer  from  severe  diarrhea.     Constipation  is  seen  at  times. 

Nervous  Symptoms. — In  general,  the  manifestations  of  disturb- 
ance of  the  nervous  system  in  children  are  less  common  and  less 
marked  than  in  adults.  Rice  found  few  nervous  manifestations  in 
his  series,  except  in  the  patellar  reflexes  which  were  most  often 
exaggerated,  but  were  sometimes  decreased  or  absent,  and  only 
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frequentiy  Donnal.  Weston  states  that  i 
lildren,  insomnia  is  often  marked,  and  d. 
Lses. 

Blood  and  Urine.— The  blood  changes 
.  be  espedally  characteristic.     An   increaf 

small  lymphocytes  has  been  observed  in 
inuria  is  very  common  in  pellagra,  but  is 
DIAGNOSIS. — The  only  pathognomonic 
s  of  pellagra  can  rest  with  any  certainty,  i 


Pellagra  (By  couriray  of  Dr.  WiUian,  Westtn,  C 

metrical  dermatitis.  It  is  on  this  that  the  diag 
mnjorily  of  cases.  Prompt  recognition  oi  the  d 
success  in  treatment,  and  the  presence  of  pellagr 
country,  makes  it  within  the  range  of  possiWIil 
be  cnwuntcrtd  at  any  time  by  any  pbysidan, 
arc  likely  to  be  overlooked  chiefly  because  this 
to  be  forgoUen,  and  in  districts  -where  the  disei 
may  not  l»e  rwogni^cd  only  because  it  is  imlan 
little  mcaninR  to  the  physicians  of  that  locality. 
of  the  (x-currcncT  o{  i^cHagia  be  remembered,  and  i 
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infrequently  normal.  Weston  states  that  paresthesia  is  common  in 
children,  insomnia  is  often  marked,  and  depression  occurs  in.  many 
cases. 

Blood  and  Urine. — The  blood  changes  in  pellagra  do  not  apf>ear 
to  be  especially  characteristic.  An  increase  in  the  relative  number 
of  small  lymphocytes  has  been  observed  in  a  number  of  cases.  Indi- 
canuria  is  very  common  in  pellagra,  but  is  not  constant. 

DIAGNOSIS. — The  only  pathognomonic  sign  on  which  the  diagno- 
sis of  pellagra  can  rest  with  any  certainty,  is  the  characteristic  sym- 


Pellagra  (By  courtesy  of  Dr.  William  Weston,  ColumtHa,  S.  C.) 

metrical  dermatitis.  It  is  on  this  that  the  diagnosis  depends  in  the 
majority  of  cases.  Prompt  recognition  of  the  disease  is  essential  to 
success  in  treatment,  and  the  presence  of  pellagra  in  all  parts  of  the 
country,  makes  it  within  the  range  of  possibility  that  a  case  may 
be  encountered  at  any  time  by  any  physician.  Cases  of  pellagra 
are  likely  to  be  overlooked  chiefly  because  this  possibility  is  likely 
to  be  forgotten,  and  in  districts  where  the  disease  is  imcommon,  it 
may  not  be  recognized  only  because  it  is  unfamiliar,  and  has  but 
little  meaning  to  the  physicians  of  that  locality.  If  the  possibility 
of  the  occurrence  of  pellagra  be  remembered,  and  if  the  characteristic 


Pell^ra  in  luly  (By  courtesy  of  Dr.  Willkm  Weston,  Columbia,  S.  C.) 

appearance  of  an  erythema,  however  slight  or  transient  on  the  char- 
acteristic parts  of  the  skin,  will  confirm  such  a  tentative  diagnosis. 

There  is  no  positive  laboratory  method  of  making  the  diagnosis. 
The  changes  in  the  blood,  and  the  indicanuria  are  not  suffidentiy 
marked  and  constant,  to  be  of  much  diagnostic  value.  Whenever  the 
classical  triad  of  symptoms,  dermatitis,  intestinal  disturbance,  and 
nervous  disturbance  is  present,  the  diagnosis  is  certain. 

PROGNOSIS. — The  prognosis  is  probably  very  uncertain  in  young 
infants.  In  older  children,  the  disease  is  milder,  and  with  proper 
treatment,  recovery  usually  occurs.    The  period  during  which  re- 


Sanitoria,  failed  to  &nd  evidence  of  traosmissibility,  but  believed 
that  their  results  supported  the  dietary  theory,  the  disease  being 
most  prevalent  among  those  whose  diet  contained  httle  meat  and 
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animal  protein.  The  influence  of  diet  in  promoting  recovery  is 
believed  by  many  to  be  sufficiently  obvious  to  constitute  evidence 
as  to  etiology. 

The  arguments  in  favor  of  the  parasitic  theory  are  many.  In 
the  first  place,  the  peculiarities  of  distribution  and  of  seasonal  inci- 
dence are  strongly  suggestive  of  an  insect-borne  contagion,  especially 
the  seasonal  recurrences  which  have  been  observed.  There  is  no 
definite  evidence  :n  favor  of  the  maize  theory  or  the  dietary  theory, 
The  recent  report  of  the  Illinois  Pellagra  Commission  found  no  con- 
nection with  occupation,  but  evidence  of  definite  spreading  from 
certain  centres.  There  is  no  evidence,  however,  incriminating  the 
Simulium. 


under  the  various  organs  or  regions  of  the  body  which  may  be  in- 
volved. 

The  border  line  between  this  group  and  the  specific  infections, 
however,  is  not  very  sharp,  and  in  certain  cases  the  distinction  must 
be  somewhat  arbitrary,  dependent  upon  convenience  of  description. 
For  example,  in  lobar  pneumonia  the  pathological  anatomy  of  the 
lung,  and  the  clinical  picture  produced,  are  peculiar  to  infection 
with  the  pneumococcus,  and  from  this  point  of  view  the  disease  should 
be  described  among  the  specific  infections.  The  pneimiococcus, 
however,  does  not  produce  lobar  pneumonia  only,  but  may  attack 
a  great  variety  of  organs,  producing  pathological  changes  which  are 
in  no  way  specific.  Furthermore,  the  clinical  description  of  lobar 
pneumonia  is  much  more  conveniently  placed  under  the  Diseases 
of  the  Lungs,  where  it  can  be  brought  into  telling  contrast  with 
other  forms  of  pneumonia. 

Again,  it  is  a  question  whether  the  lesions  or  the  symptoms  of 
infection  with  the  bacillus  of  infiuenza  are  sufficiently  peculiar  to  that 
organism  to  warrant  the  classing  of  influenza  as  a  specific  infection. 
Its  chief  title  to  a  place  in  this  division  is  its  tendency  to  epidemic 
occurrence. 


I.    THE  EXANTHEMATA 

In  contxadistinction  to  the  various  diseases  of  the  skin  which 
dermatologists  are  accustomed  to  designate  as  exanthems  of  local 
origin  are  certain  acute  diseases  characterized  by  exanthems  sympto- 
matic of  the  specific  infection,  which  are  called  the  exanthemata. 
This  group  of  infectious  diseases  is  of  especial  interest  in  connection 
with  children,  as  it  is  among  children  that  they  most  frequently 
occur.  They  can,  however,  attack  individuals  of  any  age.  Al- 
though none  of  these  diseases  is  entirely  self-protective,  yet  the  in- 
stances in  which  they  develop  in  an  individual  more  than  once  are 
rare.  Each  of  these  diseases  is  characterized  by  certain  conditions 
common  to  all.  Besides  being  highly  contagious,  each  disease  runs 
a  definite  course  and  is  self-limited,  facts  which  should  be  remem- 
bered in  the  study  of  its  diagnosis  and  treatment. 

The  course  of  these  exanthemata  from  the  time  when  the  infec- 
tion takes  place  up  to  the  appearance  of  their  later  manifestations 
may  be  divided  into  distinct  stages.  In  the  first  of  these  a  more  or 
less  definite  period  elapses  between  the  acquirement  of  the  infection 
by  contact,  and  the  appearance  of  any  disease  manifestations.  Dur- 
ing this  period  the  infecting  organisms  apparently  remain  dormant 
for  a  time,  constituting  what  is  called  the  stage  of  incubation.  The 
stage  of  incubation  is  followed  by  certain  general  symptoms  resulting 
from  the  supposed  development  of  the  special  organisms  and  con- 
stituting the  prodromal  stage,  or  stage  of  invasion.  These  prodromal 
symptoms  are,  after  intervals  varying  according  to  the  special  dis- 
ease, followed  by  an  efflorescence  on  the  skin,  which  marks  the  third 
stage  of  the  disease,  called  the  stage  of  e^iorescence.  The  efflorescence 
in  its  turn  is  followed  by  what  is  called  the  stage  of  desquamation, 
this  desquamation  being  more  or  less  pronounced  in  proportion  to 
the  intensity  of  the  lesions  of  the  skin  which  have  occurred  during 
the  stage  of  efflorescence. 

SCARLET  FEVER 

(Scarlatina) 

Scarlet  fever  is  a  ^>ecific  infectious  disease,  characterized  by 
angina,  exanthem,  and  a  tendency  to  certain  special  complicat'ons. 
It  is  contagious,  self-Umited,  and  one  attack  confers  an  immunity 
which  usually  protects  the  individual  throughout  hfe. 

ETIOLOGY.  The  Micro6kganisu.  —  The  organism  which  causes 
scarlet  fever  is  unknown.    In  the  necrotic  tissue  and  inflammatory 


transmitted  to  the  anthropoid  apes,  all  attempts  to  produce  the 
disease  experimentally  with  streptococcus  cultures  have  failed.  There 
is  much  other  evidence  against  the  streptoccocus  origin  of  scarlet 
fever,  such  as  the  peculiar  contagiousness  of  the  disease,  the  im- 
munity conferred  by  one  attack,  and  the  fact  that  the  streptococci 
are  usually  not  found  in  the  earliest  stage  of  the  disease.  Most 
authorities  believe  that  these  streptococci  represent  a  secondary  in- 
fection, which,  however,  may  have  an  important  influence  on  the 
course  and  complications  of  the  disease. 

Within  the  last  few  months,  Mallory  has  reported  the  finding  of 
an  organism,  which  he  believes  may  prove  to  be  the  specific  cause 
of  scarlet  fever.  This  organism  is  a  bacillus  which  in  appearance 
somewhat  resembles  the  bacillus  of  diphtheria.  The  evidence  in 
favor  of  its  etiological  importance  is  its  constant  presence  "'n  the 
deeper  layers  of  the  tonsillar  tissue  in  scarlet  fever,  and  its  absence 
in  other  cases.  At  the  present  writing,  inoculation  experiments  are 
being  conducted  with  cultures  of  this  organism,  the  outcome  of 
which  will  probably  decide  the  question  of  its  relation  to  scarlet  fever. 

Transmission. — Every  case  of  scarlet  fever  comes  from  some 
other  case,  the  disease  being  transmitted  from  a  sick  to  a  healthy 
individual.  The  virus  cannot,  however,  as  many  persons  suppose, 
fly  through  the  air  across  a  considerable  space.  Under  ordinary 
circumstances  the  mere  coming  into  a  room  occupied  by  a  scarlet 
fever  patient,  provided  that  nothing  in  the  room  be  touched,  would 
not  be  a  sufficient  exposure  to  cause  infection.  The  usual  means  6f 
infection  in  scarlet  fever  is  actual  contact  vdtk  infected  tnaterial.  In- 
fectious material  from  the  patient,  such  as  secretions  from  the  mouth 
and  nose,  reach  the  outside  world  where  it  can  contaminate  any 
object  with  which  it  comes  in  contact.  It  most  often  reaches  the 
healthy  individual  through  direct  contact,  such  as  occurs  in  kissing, 
or  handling,  or  sleeping  together.  In  addition  to  direct  contact, 
indirect  contact  plays  an  important  r61e  in  scarlet  fever.  In  this 
mode  of  transmission,  healthy  persons,  and  various  objects,  such  as 
handkerchiefs,  food,  toys,  carpets,  and  so  forth,  become  contaminated 
by  the  patient,  and  constitute  the  carriers  of  the  disease.    This  in- 
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direct  contact,  while  much  less  common  than  direct  contact,  is  never- 
theless important  in  scarlet  fever,  because  the  virus  is  able  to  retain 
its  infecting  power  for  a  considerable  time  outside  the  human  body. 

There  is  a  possibility  of  transmission  through  the  air  without 
actual  contact,  the  virus  being  carried  in  the  fine,  moist  particles 
expelled  in  sneezing  and  coughing.  In  scarlet  fever,  however,  this 
plays  a  very  slight  part,  and  is  not  likely  to  occur  unless  the  patient 
cough  directly  in  the  face  of  the  exposed  child. 

The  Infectious  Period.— Scarlet  fever  is  contagious  from  the 
very  beginning,  possibly  even  a  day  or  two  before  the  appearance 
of  symptoms.  It  was  formerly  supposed  that  it  was  not  contagious 
in  the  prodromal  stage,  but  it  is  now  regarded  as  certainly  contagious 
from  Ike  appearance  of  Ike  first  symptom.  The  spread  of  the  disease 
is  largely  due  to  mild  ambulant,  or  imrecognized  cases.  The  dura- 
tion of  the  contagious  period  is  long,  and  probably  very  variable. 
It  has  long  been  known  that  scarlet  fever  is  usually  contagious  through- 
out the  stage  of  desquamation,  the  average  duration  of  which  is  about 
six  weeks.  It  has  been  wrongly  considered  that  the  contagious  period 
necessarily  ends  with  the  completion  of  desquamation.  Under  this 
view,  the  scales  of  desquamation  were  considered  a  source  of  infec- 
tion. There  is,  however,  no  definite  evidence  that  the  scales  contain 
the  vims,  and  those  instances  in  which  the  disease  has  apparently 
been  transmitted  by  the  desquamating  particles  of  epidermis  can  be 
explained  on  the  ground  that  the  scales  became  contaminated  by 
secretion  from  the  mouth  or  nose.  We  cannot  say  with  absolute 
certainty  that  the  scales  are  not  contagious,  but  the  weight  of  evi- 
dence is  decidedly  against  such  a  theory.  Certain  it  is  that  there 
are  cases  on  record  in  which  the  patient  was  discharged  well  after 
desquamation  had  been  completed,  even  as  long  as  ten  weeks  after 
the  onset  of  the  disease,  and  still  caused  the  infection  of  others. 

Altogether  too  much  attention  has  been  paid  to  the  scales  of 
desquamation.  The  chief  danger  comes  from  the  secretions  and 
discharges  of  the  patient,  which  have  been  proven  to  be  infectious. 
Early  infection  probably  occurs  simply  from  the  secretions  of  the 
mouth  and  nose,  while  the  later  infection  in  the  stage  of  desquama- 
tion may  come  from  the  discharges  from  otitis,  rhinitis,  suppurating 
glands    and  so  forth. 

The  infectious  period  of  scarlet  fever  being  variable,  and  there 
being  no  means  of  determining  whether  the  patient  is  sUlI  a  possible 
source  of  infection,  some  definite  limit  must  be  assigned,  for  the 
purpose  of  isolation  and  the  protection  of  others.  The  contagious 
period  of  scarlet  fever  has  been  arbitrarily  placed  at  six  weeks  by 
most  writers.  While  the  majority  of  children  are  not  capable  of 
infecting  others  after  six  weeks,  I  believe  this  period  to  be  too  short 
for  the  purpose  of  complete  protection.  Certainly  no  patient  who 
has  any  visible  discharge  from  the  mucous  membranes  should  be 
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disease  at  this  age.  Whether  or  not  the  rarity  of  the  disease  in  the 
first  year  is  due  to  less  opportunity  for  effective  contact,  or  to  a 
natural  immunity,  it  is  impossible  to  say. 

Immunity. — An  attack  of  scarlet  fever  confers  a  pronounced  and 
lasting  immunity.  Nevertheless,  second  attacks,  though  rare,  are 
seen  at  times,  and  are  commoner  than  in  measles. 

PATHOLOGICAL  ANATOMY.— The  only  constant  and  char- 
acteristic lesions  of  scarlet  fever  are  found  in  the  skin,  in  the  mouth 
and  throat,  and  in  the  lymphnodes. 

The  Skin. — The  lesion  of  the  skin  in  scarlet  fever  is  an  acute 
dermatitis,  of  variable  depth  and  intensity.  The  process  goes  through 
the  stages  usual  in  acute  inflammation,  first  hyperemia,  then  exuda- 
tion of  serum  and  cells  into  the  corium,  then  death  of  the  epidermis, 
which  is  cast  off  in  flakes. 

The  changes  in  the  mucous  membrane  of  the  mouth  are  similar 
to  those  in  the  skin,  the  inflammation  taking  a  catarrhal  form.  It 
frequently  extends  to  the  nose  and  middle  ear,  from  which  places 
in  turn  it  may  invade  the  mastoid  cells  or  the  accessory  sinuses. 
It  rarely  invades  the  larynx. 

The  Throat.— Superficially  the  mucous  membrane  of  the  throat 
may  show  nothing  more  than  an  intense  redness,  suggesting  only 
a  catarrhal  inflammation.  In  reality,  however,  the  inflammatory 
process  in  the  scarlet  fever  angina  is  much  deeper,  particularly  in 
the  tonsils  and  adjacent  mucous  membrane.  It  is  always  really  a 
phlegmonous  inflammatory  process  which  tends  toward  a  certain 
amount  of  purulent  softening,  and  which  extends  deeper  into  the 
tissues  than  does  the  inflammation  of  diphtheria,  although  it  often 
does  not  present  such  characteristic  appearances  on  the  surface. 
In  the  more  severe  cases  the  inflammation  may  produce  a  coagula- 
tion necrosis,  which  gives  the  appearance  of  a  gangrenous  or  mem- 
branous angina  which  superficially  resembles  the  lesion  of  diphtheria. 
The  false  membrane  in  scarlet  fever  is  usually  found  filled  with 
streptococci.  It  is  in  the  deeper  layers  that  Mallory  has  found 
his  badllus.  The  necrosis  may  be  more  or  less  extensive  over  the 
mucous  membrane  of  the  throat,  and  the  inflammation  may  extend 
to  the  cervical  lymphnodes,  causing  purulent  softening.  It  is  the 
streptococci  which  are  concerned  in  this  latter  process. 

The  Lymphnodes. — The  most  constant  change  throughout  the 
body  in  scarlet  fever  is  a  hyperplasia  of  all  the  lymphoid  tissue. 

Toxic  Lesions.— The  poison  of  scarlet  fever  may  produce  a  variety 
of  lesions  in  the  various  parenchymatous  organs  of  the  body,  which 
do  not  differ  from  the  lesions  associated  with  other  varieties  of 
toxemia.  The  one  particularly  associated  with  scarlet  fever  is  an 
acute  toxic  nephritis.    Among  the  toxic  lesions  seen  in  fatal  cases 
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The  eruption  is  a  punctate  erythema,  which  becomes  confluent. 
The  first  appearance  is  that  of  scattered,  very  small,  light  red  spots, 
between  which  the  normal  skin  is  clearly  visible.  Between  the 
punctate  spots  new  ones  keep  appearing,  until  after  one  or  two 
days,  they  become  confluent.  In  the  meantime  the  eruption  has 
been  constantly  becoming  a  brighter  red,  until  at  the  time  of  full 
development,  the  skin  presents  a  brilliant  erythematous  blush,  which 
does  not  appear  to  be  made  up  of  single  punctate  spots,  except  in 
certain  situations  such  as  the  inner  suriace  of  the  thighs,  and  the 
backs  of  the  hands.  At  all  times  pressure  with  the  Angers  wiU  cause 
disappearance  of  the  exanthem,  and  when  the  pressure  is  released, 
even  if  the  rash  is  in  the  confluent  stage,  the  discrete  punctate  spots 
will  reappear  first,  and  then  rapidly  become  confluent. 

In  the  early  stage  of  the  efilorescence,  the  punctate  spots  are  flat. 
With  fidl  development  they  become  slightly  raised,  so  that  on  strok- 
ing the  skin  with  the  finger,  a  very  fine  unevenness  is  detected.  The 
swelling  of  the  follicles  in  the  regions  of  the  forearms,  lower  legs,  and 
backs  of  the  hands  and  feet,  sometimes  causes  the  formation  of 
larger  papules.  Sometimes  the  papules  become  slightly  vesicular. 
These  variations  of  the  rash  have  no  relation  to  the  severity  of  the 
case.  Very  small  hemorrhages  may  sometimes  be  seen  in  those 
regions  where  the  clothing  binds  or  chafes,  such  as  the  elbows  or 
the  axillae.    The  eruption  sometimes  itches. 

The  efflorescence  re?iches  its  height  in  from  three  to  five  days, 
and  then  gradually  disappears  in  the  order  of  its  appearance.  It 
is  usually  entirely  gone  by  the  beginning  of  the  second  week.  A 
certain  amount  of  pigmentation  of  the  skin  may  persist. 

DESQUAMAnoN. — The  stage  of  desquamation  begins  at  about  the 
seventh  day  from  the  time  when  the  efflorescence  first  appeared  and 
on  the  parts  of  the  skin  first  attacked.  The  desquamation,  how- 
ever, is  not  always  proportionate  to  the  intensity  of  the  efflorescence. 
It  is  at  first  composed  of  small  particles  of  cutis,  but  these  soon 
become  larger,  and  early  in  the  third  week  from  the  beginning  of 
the  disease  they  fall  from  the  body  in  large  flakes,  and  are  most 
characteristic  and  pronounced  on  the  fingers  and  toes.  This  form  of 
desquamation  is  called  lamellar.  Here,  again,  we  have  an  important 
means  of  disringuishing  scarlet  fever  from  measles,  for  in  measles 
the  desquamation  is  almost  universally  of  a  furfuraceous  character 
throughout  the  whole  course  of  the  disease,  while  the  characteristic 
desquamation  of  scarlet  fever  is  lamellar.  This  lamellar  form  of 
desquamation  may,  at  times,  in  certain  individuals,  and  following 
more  intense  inflammation  of  the  skin,  be  represented  by  large  and 
extensive  pieces  of  skin.  This  is  well  shown  in  a  specimen  in  the 
Warren  Museum,  where  large  strips  of  skin  have  come  from  the 
hand  of  a  patient  with  scarlet  fever  so  as  almost  to  form  a  glove. 
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Sometimes  the  desquamation  lasts  only  ten  days,  but  it  usually 
continues  for  two  or  three  weeks,  aod  may  not  be  complete  for 
six  or  eight  weeks.  It  is  especially  slow  in  disappearing  from  the 
bands  and  feet,  and  it  may  remain  between  the  fingers  and  toes 
for  a  number  of  weeks.  Sometimes  after  the  desquamation  has 
apparently  ceased,  and  the  skin  has  been  smooth  and  normal  for 
several  days,  it  may  begin  again,  and  thus  prolong  the  period  of 
convalescence. 

The  MouiH  and  Throat. — ^The  redness  and  swelling  of  the 
tonsils,  soft  palate  and  pharynx  which  is  present  during  the  stage 
of  invasion,  increase  for  the  next  three  or  four  days  during  the  stage 
of  efflorescence.  Older  children  complain  of  sore  throat,  while  in 
younger  children  pain  on  swallowing  is  often  evident.  The  color 
of  the  throat  is  a  fiery  red,  of  an  intensity  seldom  seen  in  ordinary 
pharyngitis  or  tonsillitis.  The  swollen  tonsils  often  show  yellowish 
exudate  in  the  crypts.  The  submaxillary  lymphnodes  are  enlarged, 
and  usually  tender  to  pressure.  In  typical  cases  the  scarlet  fever 
angina  reaches  its  height  in  from  three  to  five  days,  after  which  it 
gradually  improves,  but  a  membranous  type  may  develop  even  after 
this  time. 

The  tongue  in  the  stage  of  invasion  is  heavily  coated,  but  clears 
rapidly  during  the  stage  of  efflorescence,  and  by  the  third  or  fourth 
day  shows  a  bright  red  surface  on  which  the  enlarged  papillae  stand 
out  prominently.  This  is  the  characteristic  "strawberry  tongue" 
of  scarlet  fever,  which  has  been  considered  diagnostic  by  some  writers. 
It  is  an  aid  in  diagnosis,  but  is  sometimes  seen  in  other  conditions, 
and  is  occasionally  lacking  in  scarlet  fever. 

The  Temperature. — The  fever  continues  high,  103°  F.,  to  105° 
F.,  for  the  first  three  to  five  days  of  the  disease,  and  often  mounts 
steadily  higher  until  the  full  development  of  the  exanthem.  The 
height  of  the  temperature  depends  more  upon  the  severity  of  the 
angina  than  upon  the  intensity  of  the  efflorescence.  After  the  full 
development  of  the  rash,  the  temperature  begins  to  fall  by  a  step- 
like lysis,  reaching  the  normal  from  the  seventh  to  the  tenth  day. 
OccasionaUy  in  cases  otherwise  typical,  the  fever  may  persist  as 
long  as  two  weeks,  without  any  discoverable  cause  or  complication 
to  account  for  its  persistence. 

The  Pulse. — In  scarlet  fever  the  pulse  is  very  rapid,  the  accelera- 
tion in  children  being  greater  than  would  ordinarily  be  accounted 
for  by  the  temperature.  Younger  children  often  have  a  pulse  rate 
of  from  160  to  180  in  typical  mild  cases.  Increase  in  pulse  rate 
persists  after  the  temperature  has  fallen  to  normal,  and  disappears 
gradually. 
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Benign  and  rt^iilar  lorm  of  scarlet  fever 

The  Blood  — The  blood  shows  regularly  a  leucocytosis,  the  white 
count  being  between  i8,ooo  and  40,000.  The  increase  is  entirely  in 
the  polymorphonuclear  neutrophiles.  The  leucocytosis  gradually 
disappears  in  the  second  or  third  week.  There  is  often,  but  not 
always,  a  diminution  of  the  eosinophils,  beginning  at  the  end  of 
the  first  week.  Certain  inclusion  l>odies,  first  described  by  Dohle, 
are  regularly  found  in  the  leucocytes  during  the  febrile  stage.  They 
were  at  one  time  considered  diagnostic,  but  have  been  shown  to  be 
present  in  other  acute  infections. 

The  Urine  — The  urine  is  lessened  in  amount  during  the  febrile 
period,  returns  to  normal  amount  after  defervescence,  increases  during 
the  stage  of  desquamation,  amounting  at  times  to  polyuria,  and 
returns  again  to  the  normal  amount  at  the  end  of  this  stage.  During 
the  stage  of  efflorescence,  especially  if  the  temperature  is  consider- 
ably heightened,  there  may  appear  in  the  urine  a  small  amount  of 
albumin,  and  a  few  casts  and  red  blood  cells,  but  these  disappear  as 
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the  temperature  subsides,  are  probably  only  the  result  of  the  fever, 
as  m  many  other  diseases  accompanied  by  a  high  temperature,  and 
their  appearance  is  not  to  be  confounded  with  the  albuminuria  of 
the  nephritis  which  in  some  cases  complicates  the  stage  of  desquama- 
tion. Acetonuria  is  often  seen  in  scarlet  fever,  especially  in  younger 
children. 

Convalescence. — All  the  symptoms  subside  with  the  fall  of  the 
temperature.  The  patient  appears  fully  convalescent  by  the  middle 
or  end  of  the  second  week,  often  before  desquamation  has  begun. 

ATYPICAL  FORMS  OF  SCARLET  FEVER 

The  form  of  scarlet  fever  described  above  as  typical,  is  the  com- 
monest. It  represents  a  medium  or  average  severity  of  the  disease. 
Deviations  from  this  typical  form  are,  however,  extremely  common, 
both  on  the  mild  side  and  on  the  severe  side.  In  fact  they  are  so 
frequent  that  the  term  atypical  is  hardly  suitable. 

The  Mild  Form. — ^Very  mild  cases  of  scarlet  fever  are  quite  com- 
mon, and  at  certabi  times  the  majority  of  cases  in  any  locality  may 
be  of  the  mild  type.  Their  recognition  is  important,  as  they  are 
often  largely  responsible  for  the  spread  of  the  disease. 

In  the  mild  type  the  sore  throat,  fever,  and  constitutional  dis- 
turbances are  very  slight,  often  not  enough  to  attract  attention.  In 
such  cases  the  only  symptom  noted  by  the  child's  parents  may  be 
the  efBorescence,  The  temperature  may  not  go  above  ioi°  F.,  there 
may  be  no  sore  throat,  and  the  child  does  not  feel  sick  enough  to 
want  to  go  to  bed.  Even  the  efflorescence  itself  may  be  very  slight, 
appearing  only  on  part  of  the  body  at  a  time,  and  never  becoming 
confluent.  Sometimes  even  the  rash  is  overlooked,  and  the  disease 
runs  its  course  unsuspected,  until  the  appearance  of  desquamation, 
or  of  a  nephritis,  arouses  suspicion  that  scarlet  fever  has  gone  before. 
Even  the  desquamation,  especially  in  children  who  are  bathed  daily, 
may  be  overlooked,  unless  special  note  be  taken  of  the  appearance 
of  the  fingers  and  toes. 

The  "Rudimentary"  Type. — In  this  tyjie  the  angina,  fever,  and 
constitutional  disturbance  are  typical,  but  the  efflorescence  is  very 
shght,  or  even  absent.  The  ra^  may  not  appear  till  the  third, 
fourth,  or  fifth  day,  and  is  shght  in  intensity,  and  limited  in  dis- 
tribution. It  k  usually  most  pronounced  on  the  back.  Cases  with- 
out any  rash  are  seen  occasionally  in  older  children  and  adults.  These 
rudimentary  forms  resemble  ordinary  tonsiUtis  or  pharyngitis,  and 
are  known  to  be  scarlet  fever  only  through  simultaneous  occurrence 
with  other  cases  in  the  family. 

Severe  Forms. — ^ITie  most  severe  type,  sometimes  called  malign 
nanl  scarlet  fever,  is  comparatively  rare.    The  child  is  suddenly 
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The  severe  symptoms  are  not,  as  in  the  malignant  fi 
scarlet  fever  contagion,  but  to  the  associated  secondi 
infection.  The  onset  is  severe,  with  high  fever,  m 
tional  disturbances,  and  severe  angina.  The  efflore 
ordinary  course.  About  the  third  or  fourth  day,  howi 
instead  of  showing  the  usual  appearance  of  catarrhf 
or  follicular  tonsillitis,  takes  on  the  appearance  ' 
angina.  Part  or  all  of  the  tonsils  becomes  coverei 
or  greyish-white  false  membrane,  which  at  first  cl 
the  membrane  of  diphtheria.  After  a  time,  the  me; 
more  adherent,  and  more  deeply  implanted  in  the  mu' 
than  does  that  of  diphtheria.  The  membrane  frequi 
the  soft  palate  and  pillars,  and  occasionally  to  the  p< 
geal  wall.  In  the  meantime  the  enlargement  of  the 
nodes  becomes  very  marked,  and  the  inflammation  t 
the  adjacent  connective  tissue,  making  movement  of 
ful,  and  sometimes  forming  a  hard  swelling  on  each  s 
This  phlegmonous  inflammation  may  be  so  marked, 
hngs  on  the  two  sides  meet  under  the  chin.  The  i 
flammation  often  extends  into  the  nasopharynx,  and  i 
This  causes  obstructed  nasal  breathing,  and  a  puruli 

In  favorable  cases  the  membrane  begins  to  dis! 
five  to  eight  days  after  the  onset,  and  the  fall  of 
lysis  occurs.  In  bad  cases  the  tissue  necrosis  becon 
the  tissue  of  the  tonsils,  and  often  of  the  adjacent  pari 
forming  a  brownish  ulceration,  covered  with  a  blooc 
charge.  The  process  occasionally  extends  to  the  epi 
the  larynx,  causing  stenosis. 

Continued  fever  and  marked  constitutional  dist 
the  development  and  spreading  of  the  membranou 
course  of  these  severe  cases  depends  upon  the  varie 
of  the  complications. 

COMPLICATIONS.— The  complications  of  scarl 
occur  in  the  early  stages  of  the  disease  are  due  to  t 
the  associated  secondary  streptococcus  infection  to  a 
the  body.  All  these  complications  may  occasional! 
course  of  a  typical  mild  case  of  scarlet  fever.  Tl 
run  what  is  apparently  a  normal  course  for  a  time.  1 
may  begin  to  fall,  and  then  suddenly  rise  again,  w 
immediately  clear  what  is  the  cause.  In  such  cases  c 
tion  will  eventually  disclose  that  the  patient  has  de\ 
membranous  angina,  or  some  other  complication. 

While  the  various  complications  due  to  secondar 
infection  may  occur  in  cases  otherwise  apparently  t; 
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Toxic  symptoms  and  bigh  temperature  in  scarlet  fever  treated  by  b 


fore  watch  with  the  greatest  solicitude  and  examine  the  ear  with 
the  greatest  care  during  the  course  of  scarlet  fever.  The  symptoms 
may  be  active  and  represented  by  aural  pain  and  great  restlessness. 
On  the  other  hand,  there  may  be  no  apparent  pain,  especially  in 
infants  and  young  children,  who  are  often  unable  to  mdicate  the 
location  of  the  pains  by  which  they  are  affected.  In  these  cases 
the  symptoms  may  be  merely  a  somnolent  condition  and  occasional 
attacks  of  fretfulness. 

Cases  of  scarlet  fever  occurring  in  the  fall  and  winter  are  much 
more  likely  to  develop  middle  ear  complication  than  at  other  sea- 
sons. When  it  does  occur,  both  ears  are  usually  affected  early  in 
the  second  week.    If  the  constitutional  symptoms  of  the  primary 
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disease  are  severe,  qo  new  symptoms  show  themselves,  so  that  the 
ear  complications  may  be  easily  overlooked  mitil  much  damage  has 
been  brought  about.  The  otitis  is  purulent,  and  much  of  the  mem- 
branum  tympani  is  usually  destroyed.  Mastoiditis  and  septic  sinus 
thrombosis  are  not  very  rare.  The  scarlet  fever  otitis  has  the  pecu- 
liarity that  it  occasionally  produces  necrosis  of  the  ossicles,  and 
sometimes  more  widespread  necrosis.  This  results  in  impaired  hear- 
ing or  deafness.  May  has  shown  by  statistics  that  of  5613  cases  of 
deaf-mutisra,  572  were  due  to  scarlet  fever.  The  absence  of  symp- 
toms pointing  to  the  ear  does  not,  therefore,  justify  us  in  overlook- 
ing an  otitis  media.  Routine  examinations  of  the  ears  should  be 
made  in  all  cases. 

The  Joints. — An  acute  inflammation  of  the  joints,  usually  the 
larger  ooes,  is  not  infrequently  met  with  during  the  course  of  scarlet 
fever.  It  is  more  frequent  in  adults  than  in  children,  and  usually 
occurs  at  the  end  of  the  first  week.  As  a  rule,  these  cases  are  not  of 
long  duration,  and  if  effusion  takes  place  in  the  Joints  it  is  serous, 
does  not  become  purulent,  and  does  not  give  an  especially  serious 
prognosis. 

A  more  severe  form  of  arthritis,  apparently  caused  by  secondary 
infection  with  streptococci,  may  also  occur  during  the  course  of 
scarlet  fever.  The  effusion  into  the  Joints  in  these  cases  becomes 
purulent  and  leads  to  serious  and  permanent  disorganization  of  the 
tissues  and  often  to  death  from  general  septic  infection. 

The  Heart. — The  rapid  pulse  which  is  seen  as  a  rule  in  scarlet 
fever  shows  that  the  heart  is  particularly  susceptible  to  the  toxin 
of  the  disease.  In  severe  cases  this  rapid  pulse  persists  after  the 
end  of  the  febrile  period,  and  is  sometimes  accompanied  by  other 
signs  of  cardiac  weakness. 

In  addition  to  this  toxic  manifestation,  a  cardiac  lesion  some- 
times complicates  scarlet  (ever.  It  usually  appears  at  the  end  of 
the  first  or  in  the  second  week  of  the  disease.  The  commonest 
manifestations  are  a  systolic  murmur  at  the  apex,  enlargement  of 
the  cardiac  dulness  to  the  left,  and  sometimes  bradycardia.  These 
symptoms  can  last  several  weeks,  but  finally  disappear  entirely. 
They  are  due  not  so  much  to  a  true  endocarditis,  as  to  an  atony 
of  the  heart  muscle  with  slight  dilatation  and  relative  mitral  in- 
sufficiency. 

A  true  endocarditis,  however,  can  also  complicate  scarlet  fever, 
and  cannot  be  distinguished  from  the  condition  just  described.  Oc- 
casionally it  is  ushered  in  by  a  reappearance  of  fever.  In  such  a 
case  the  mitral  murmur  is  permanent. 

Pericarditis  is  rare. 

The  Lungs. — Scarlet  fever  may  be  complicated  by  purulent  bron- 
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throat  in  a  child  should  at  the  start  be  regarded  : 
of  scarlet  fever,  and  the  jMitient  should  be  isolated, 
of  the  throat  may  or  may  not  be  sufficiently  charai 
the  suspicion  of  scarlet  fever  very  strong.  Fort' 
dromal  stage  is  so  short,  that  the  appearance  of  t 
firm  the  suspicion  within  twenty-four  or  thirty-sb 
fever  be  present. 

It  is  the  frequent  occurrence  of  atypical  cases 
mild  and  rudimentary  types,  which  makes  the  di 
fever  difficult.  In  many  cases  the  physician  canno 
he  is  confronted  by  an  atypical  case  of  scarlet  fi 
other  condition.  Cases  of  scarlet  fever  without  e? 
and  can  only  be  recognized  by  their  occurrence  ir 
other  cases  to  which  the  patient  has  been  exposed. 
and  rudin:entary  types,  the  efflorescence  may  beatyi 
and  the  diagnosis  may  remain  doubtful.  In  this 
ever,  it  is  well  to  remember  that  a  scarlatinijorm  ra 
for  only  Iwenty-four  hours  or  less,  is  usually  not  sea. 

The  usual  problem  in  diagnosis  which  presents  ii 
cian,  is  whether  a  certain  rash  or  efflorescence  on  tl 
scarlet  fever  or  not.  Many  diseased  conditions  ma 
by  a  cutaneous  rash  which  resembles  more  or  less  c' 
cence  of  scarlet  fever.  When  a  definite  angina  is 
with  fever  and  constitutional  disturbance,  the  e\ide 
scarlet  fever.  When,  however,  fever  and  angina  a 
larly  if  the  efflorescence  be  not  general,  the  diagnc 
difficult. 

The  following  are  conditions  which  are  with 
entiated  from  scarlet  fever: 

Toxic  Erythema. — This  is  seen  in  a  number 
childhood,  particularly  in  cases  of  disturbed  nutrit 
ism.  The  rashes  which  occur  after  the  administ 
drugs,  and  the  serum  rashes,  belong  in  the  sam( 
pared  with  scarlet  fever,  these  rashes  are  more  fl 
show  a  changing  character,  so  that  cutaneous  V 
urticaria  or  measles  are  seen  alongside  of  the  scarla' 
Furthermore,  angina  is  absent  in  these  erythemas,  t 
ing  normal.  Fever  and  constitutional  disturban 
absent.  The  leucocytosis  characteristic  of  scarlet 
and,  especially  in  serum  rashes,  there  is  apt  to  be 
relative  diminution  of  the  polynuclear  forms. 

Infectious  Erythema. — An  erythematous  rash 
symptom  of  a  variety  of  acute  infections.  It  is  i 
up  of  the  punctate  areas  characteristic  of  scarlet 


gives  11  it  peculiar  ruugii  ur  pricKiy  leeung.  ine  iiusciicc  ui  angiiici 
and  the  other  symptoms  of  scarlet  fever  strengthens  the  diagnosis 
of  prickly  heat. 

Diphtheria — The  membranous  angina  of  scarlet  fever  may  sug- 
gest diphtheria,  but  the  latter  disease  is  recognized  by  the  abscence 
of  a  cutaneous  efflorescence,  and  by  the  presence  of  the  diphtheria 
bacillus  in  culture  from  the  throat. 

PROGNOSIS.— In  mild  and  typical  types  of  scarlet  fever,  the 
prognosis  is  favorable.  In  the  severer  types  with  membranous  angina 
the  prognosis  is  more  doubtful,  depending  on  the  severity  of  the 
case,  and  on  the  number  and  character  of  the  complications.    The 
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violence  of  the  invasion  and  severity  of  the  constitutional  disturb- 
ance at  the  onset  is  some  indication  as  to  the  severity  of  the  case, 
but  even  in  cases  with  a  comparatively  mild  invasion,  the  physician 
should  always  give  a  guarded  prognosis,  because  in  no  disease  is 
the  course  to  be  reckoned  with  less  certainty  than  in  scarlet  fever. 
Mild  cases  may  suddenly  become  severe,  and  unforeseen  complica- 
tions may  develop  at  any  time. 

Every  variation  from  the  typical  temperature  curve  is  an  un- 
favorable sign,  and  every  rise  in  temperature  after  the  fall  by  lysis 
has  begun  or  after  the  temperature  has  reached  the  normal,  should 
be  regarded  with  suspicion,  as  it  may  mean  a  troublesome  or  dan- 
gerous comphcation  or  sequela. 

The  severity  of  the  disease  varies  greatly  in  different  epidemics, 
and  at  different  times,  so  that  the  mortality  varies  between  i  j)er 
cent  and  50  per  cent.  The  average  mortality  is  about  15  per  cent: 
Children  between  the  ages  of  two  and  four  years  are  most  in  danger. 
Mild  and  typical  cases,  in  which  no  membranous  angina  develops, 
are  usually  soon  out  of  danger,  without  any  treatment.  In  severe 
and  toxic  cases,  the  physician  is  practically  powerless. 

PROPHYLAXIS.— We  must  remember  the  fact  that  when  the 
child  has  passed  its  tenth  year  the  chances  of  its  ever  contracting 
the  disease  are  very  much  lessened.  We  should,  therefore  under 
all  circimistances  discountenance  the  opinion  so  often  expressed  by 
the  laity,  and  sometimes  even  by  physicians,  that  it  is  well  for  chil- 
dren to  have  scarlet  fever  while  they  are  young,  on  the  groUnd  that 
otherwise  they  will  probably  contract  it  at  a  later  period  of  Ufe, 
when  the  type  of  the  disease  may  be  more  severe.  The  assertion 
that  the  type  of  the  disease  is  more  severe  in  adults  than  in  children 
is  not  corroborated  by  my  experience.  Scarlet  fever  is  so  uncer- 
tain in  its  course,  that  it  constitutes  a  ^-ery  real  danger,  and  every 
effort  should  be  made  to  prevent  exposure. 

Isolation  is  the  only  effective  prophylactic  measure.  As  soon  as 
there  is  any  suspicion  of  scarlet  fever,  and  throughout  the  course 
of  the  disease,  the  child  should  be  strictly  isolated  with  its  nurse. 
Whenever  conditions  in  the  home  prevent  strict  isolation,  the  child 
should  be  sent  to  a  hospital. 

An  upper  room  should  preferably  be  chosen,  having  its  own  bath- 
room. If  possible  a  second  room  communicating  with  the  sick  room 
should  be  set  apart  for  the  nurse  to  change  her  clothes,  and  the 
physician  to  put  on  his  gown.  A  disease  which  renders  confinement 
to  the  room  necessary  for  weeks  demands  a  room  with  good  ventila- 
tion and  plentiful  sunlight.  Therefore,  a  room  on  the  sunny  side  of 
the  house,  having  an  open  fireplace,  should  be  selected.  The  room 
should  be  free  from  all  cotton  or  woolen  materials  except  such  as 
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acute  nephritis,  and  the  treatment  is  described  in  the  Division  on 
Diseases  of  the  Kidney. 

Stimulation  is  required  in  scarlet  fever,  as  in  other  acute  infections, 
whenever  there  are  any  signs  of  cardiac  or  vaso-motor  weakness,  as 
shown  by  a  rapid  pulse.  The  best  stimulant  in  such  cases  is  caffein- 
sodium-benzoate.  Camphor  in  oil  given  subcutaneousty  may  be  used 
in  sudden  threat  of  cardiac  failure. 

During  the  stage  of  desquamation  the  application  of  a  simple  oint- 
ment to  the  whole  body  is  desirable  both  for  the  purpose  of  softening 
the  disintegrated  epithelium  and  lessening  the  duration  of  this  stage, 
and  also  to  prevent  the  spread  of  the  contagium  by  means  of  the 
loosened  scales. 

Serum  Therapv. — The  treatment  of  scarlet  fever  with  anti- 
streptococcic serum  has  been  highly  recommended  by  many  author- 
ities, and  its  value  has  been  the  subject  of  much  discussion.  It  is 
impossible  from  the  evidence  at  hand  to  draw  any  positi^'e  conclu- 
sions. This  treatment  was  based  on  the  theory  that  scarlet  fever 
is  caused  by  a  streptococcus,  which  theory  is  now  considered  highly 
improbable.  It  is  admitted,  however,  that  the  severe  types  and 
complications  are  probably  caused  by  a  secondary  streptococcus  in- 
fection, and  this  would  explain  the  reported  good  results  from  serum 
therapy.  Antistreptococcic  serum  should  not  be  used  as  a  routine 
measure.  In  mild  and  typical  cases,  the  disease  runs  a  favorable 
course  anyway,  and  it  is  not  advisable  to  run  the  risk  of  uncom- 
fortable serum  sickness.  In  severe  cases,  with  membranous  angina, 
running  an  unfavorable  course,  or  in  cases  with  severe  complications, 
the  antistreptococcic  serum  should  be  tried. 

Table  41 
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PROBLEMS  AND  RESEARCH.— The  one  great  problem  in 
scarlet  fever  is  that  of  the  specific  etiology.  The  diphtheroid  bacillus 
of  Mallory  is  promising,  and  we  are  now  awaiting  the  results  of  its 
further  investigation. 

The  following  subjects  in  connection  with  scarlet  fever  have  re- 
cently figured  largely  in  the  literature  of  medical  research: 

I.  The  diagnostic  significance  of  the  leucocytic  inclusion  bodies 
found  in  scarlet  fever. 


Measles 

cines  in  prophylaxis  has  been  discussed.  The  e 
favor  is  mainly  of  the  character  of  percentage  figun 
hospital  wards,  one  with  vaccine  prophylaxis,  thi 
Owing  to  the  irregularities  of  the  transmission  of  s» 
evidence  is  of  no  value  whatever,  and  it  will  be  im 
the  value  of  vaccine  prophylaxis  without  experim 
of  children,  or  more  certain  experimental  productioi 
in  animab. 

MEASLES 

Measles  is  a  specific  infectious  disease,  character] 
them,  and  by  a  characteristic  affection  of  the  mucc 
the  mouth  and  respiratory  tract,  and  of  the  conjur 
commonest  of  all  the  specific  infections.  Measles  is 
limited,  and  one  attack  usually  confers  an  inununit 
the  individual  throughout  life. 

ETIOLOGY.  The  Microorganism.— The  organi 
measles  is,  in  spite  of  much  research,  still  unkno'^ 
demonstrated  that  the  virus  is  contained  in  the  si 
from  the  nose  and  mouth,  and  also  in  the  blood.  It 
demonstrated  that  the  cause  of  measles  belongs  in  t 
able  virus,  as  it  can  pass  through  a  Berkefeld  filter 
teristics  of  the  virus  have  been  brought  to  light  by 
production  of  measles  in  monkeys. 

Transmission,^ — The  virus  of  measles  is  an  air-t 
It  posses-ses  the  power  of  floating  in  the  air,  and  cons 
is  transmitted  from  one  individual  to  another  withoi 
It  is  probable  that  the  virus  is  contained  in  the  moist ; 
in  coughing  and  sneezing.  A  susceptible  child  can  i. 
the  disease  by  simply  approaching  a  measles  patien 
a  room  in  which  there  is  a  measles  patient.  It  is  cons 
that  the  transmission  of  measles  is  much  easier  tha 
fever,  which  requires  actual  contact,  or  an  infectc 
as  a  carrier. 

On  the  other  hand,  the  virus  of  measles  is  extra 
lived  outside  the  body.  It  must  be  transmitted  d 
patient  to  the  exposed  child.  If  objects  are  contam 
quickly  dies.  Consequently  indirect  transmission,  t 
of  the  virus  on  contaminated  objects,  or  by  health 
extremely  rare,  that  it  is  practically  negligible.  A 
leaving  the  same  bed  with  a  measles  patient,  and  gc 
bed  with  another  person,  can  carrj-  the  disease, 
circumstances  as  this,  indirect  transmission  does  n( 
are  no  recorded  instances  of  a  physician  carrying  1 
tagium  from  one  house  to  another. 
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mation,  which  appear  eaily  in  the  prod rom 
rather  increase,  during-  this  remission  of  i 
an  important  point  to  r-cwember,  as  the  ch 
and  loses  itsappetite  -w^Hile  the  temperature  h 
of  the  disease,  seems  \irigbter  and  has  a  rt 
second  day  when  the  temperature  is  lower. 
prodromal  stage  is  often  misleading  both  to 
phyacian,  who,  because  the  child  appears  s 
to  believe  that  one  of  the  infectious  diseases 
infants  and  young  children,  the  prodromal  si 
convulsion,  but  this  is  unusual,  and  if  it  occ 
particularly  severe,  and  does  not  necessaril; 
more  grave.  Headache  in  the  prodromal  st 
vomiting  is  rather  rare.  The  tongue  is  usually 
membrane  of  the  throat  shows  at  first  only 
ordinary  catarrhal  inflammation.  The  cough  i 
and  racking,  and  sometimes  hoarse  and  ringing 
ment  of  the  larynx.  The  nose  begins  to  run 
red  and  swollen,  as  is  the  caruncle  at  the  ini 
The  discharge  from  the  eyes  is  usually  watery. 
The  whole  picture  during  the  prodromal  sta 
a  severe  catarrhal  cold,  or  an  attack  of  grippe, 
to  show  that  it  represents  the  beginning  of  measi 
ance  of  Koplik's  spots,  or  of  the  measles  e£Boresc 
membrane  of  the  mouth.  These  signs  are  often 
the  true  diagnosis  is  not  suspected  until  the  appe 
rescence  upon  the  skin. 

Koplik's  Spots.— If  the  mucous  membrane  of  I 
fully  and  systematically  examined  during  the  pi 
IS  often  possible  to  make  a  positive  diagnosis  of  me 
days  before  the  appearance  of  the  efflorescence.  Th 
finding  of  Koplik's  spots,  which  are  pathognomonic  ( 
appear  on  the  mucous  membrane  lining  the  chet 
the  molar  teeth,  and  consist  of  light  red  spots 
of  the  head  of  a  pin,  in  the  center  of  which  are  minute 
white  pomts,  no  larger  than  the  finest  grains  of  sa 
pomts  consist  of  fatty  degenerated  epithelium  and  deti 
cases  there  is  so  much  catarrhal  reddening  of  the  ™u, 
of  the  mouth,  that  the  light  red  spots  do  not  stand 
else    especially  in  anemic%hildren   there  is  no  red* 

The  number  of  KopUk's  soots  is  verV  variabk    S>. 

are  found  mth  the  greatest  difficulty      They  can  onl 
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motion,  which  appear  early  in  the  prodromal  stage,  do  not  abate,  but 
rather  increase,  during  this  remission  of  the  temperature.  This  is 
an  important  point  to  remember,  as  the  child  who  seems  quite  sick 
and  loses  its  appetite  while  the  temperature  is  high  during  the  invasion 
of  the  disease,  seems  brighter  and  has  a  return  of  appetite  on  the 
second  day  when  the  temperature  is  lower.  This  peculiarity  of  the 
prodromal  stage  is  often  misleading  both  to  the  parents  and  to  the 
physician,  who,  because  the  child  appears  so  much  better,  are  led 
to  believe  that  one  of  the  infectious  diseases  is  not  developing.  In 
infants  and  young  children,  the  prodromal  stage  may  begin  with  a 
convulsion,  but  this  is  unusual,  and  if  it  occurs  it  is  not,  as  a  rule, 
particularly  severe,  and  does  not  necessarily  make  the  progno^s 
more  grave.  Headache  in  the  prodromal  stage  is  quite  frequent; 
vomiting  is  rather  rare.  The  tongue  is  usually  furred,  and  the  mucous 
membrane  of  the  throat  shows  at  first  only  the  appearance  of  an 
ordinary  catarrhal  inflammation.  The  cough  is  dry,  and  often  severe 
and  racking,  and  sometimes  hoarse  and  ringing,  showing  the  involve- 
ment of  the  larynx.  The  nose  begins  to  run.  The  conjunctiva  is 
red  and  swollen,  as  is  the  caruncle  at  the  inner  angle  of  the  eye. 
The  discharge  from  the  eyes  is  usually  watery,  sometimes  purulent. 

The  whole  picture  during  the  prodromal  stage  resembles  that  of 
a  severe  catarrhal  cold,  or  an  attack  of  grippe,  and  there  is  nothing 
to  show  that  it  represents  the  beginning  of  measles,  until  the  appear- 
ance of  Koplik's  spots,  or  of  the  measles  efflorescence  on  the  mucous 
membrane  of  the  mouth.  These  signs  are  often  overlooked,  so  that 
the  true  diagnosis  is  not  suspected  until  the  appearance  of  the  efflo- 
rescence upon  the  skin. 

Koplik's  Spots. — If  the  mucous  membrane  of  the  mouth  be  care- 
fully and  systematically  examined  during  the  prodromal  stage,  it 
is  often  possible  to  make  a  positive  diagnosis  of  measles  two  or  three 
days  before  the  appearance  of  the  efflorescence.  This  is  based  on  the 
finding  of  Koplik's  spots,  which  are  pathognomonic  of  measles.  They 
appear  on  the  mucous  membrane  lining  the  cheeks,  usually  near 
the  molar  teeth,  and  consist  of  light  red  spots  about  the  size 
of  the  head  of  a  pin,  in  the  center  of  which  are  minute  white  or  bluish- 
white  points,  no  larger  than  the  finest  grains  of  sand.  The  white 
points  consist  of  fatty  degenerated  epithelium  and  detritus.  In  many 
cases  there  is  so  much  catarrhal  reddening  of  the  mucous  membrane 
of  the  mouth,  that  the  light  red  spots  do  not  stand  out  clearly,  or 
else,  especially  in  anemic  children,  there  is  no  reddened  base,  and 
only  the  minute  white  points  are  seen. 

The  number  of  Koplik's  spots  is  very  variable.  Sometimes  there 
are  only  two  or  three,  and  the  white  points  are  so  small,  that  they 
are  found  with  the  greatest  difficulty.    They  can  only  be  satisfac- 
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torily  seen  by  daylight,  and  require  a  strong  light,  good  eyes,  and 
close  observation.  The  child  should  be  held  close  to  a  window,  in 
the  position  used  for  the  examination  of  the  throat,  and  a  spatula 
or  handle  of  a  teaspoon  should  be  inserted  at  the  corner  of  the  mouth, 
and  the  cheek  retracted  from  the  teeth.  At  other  times  the  spots 
are  very  clear  and  numerous,  covering  thickly  the  lining  of  the  cheek, 
and  often  extending  onto  the  mucous  membrane  of  the  lower  lip. 
Their  number  increases  up  to  the  time  of  the  appearance  of  the 
skin  eruption,  and  they  rapidly  disappear  on  the  first  or  second  day 
of  the  stage  of  the  efflorescence. 

Koplik's  spots  appear  at  a  variable  time  before  the  efflorescence 
on  the  skin,  most  commonly  two  days  before.  They  may  in  rare  cases 
appear  as  long  as  four  days  before  the  rash,  while  sometimes  they 
do  not  appear  until  simultaneously  with  the  rash.  They  may  not 
be  seen  at  all  in  very  young  or  atrophied  infants. 

Koplik's  spots  are  a  sign  of  extreme  importance  in  the  diagnosis 
of  measles.  When  present,  they  are  diagnostic,  as  they  are  seen 
in  no  other  disease.  The  difficulty  lies  in  the  diagnosis  of  the  Kop- 
lik's spots  themselves.  They  are  easily  distinguished  from  thrush, 
and  are  much  smaller  than  the  lesions  of  aphthous  stomatitis. 

The  Eruption  in  the  Mouth. — The  rash  of  measles  begins  on 
the  mucous  membrane  of  the  mouth  toward  the  end  of  the  prodromal 
stage.  This  is  to  be  distinguished  from  the  Koplik's  spots.  The 
eruption  in  the  mouth  is  in  every  way  similar  to  the  later  eruption 
on  the  skin.  It  appears  one  or  two  days  before  the  efflorescence  on 
the  skin,  usually  later  than  the  first  appearance  of  the  Koplik's 
spots.  These  lesions,  which  are  especially  pronounced  on  the  soft 
and  the  hard  palate,  are  represented  by  papules  or  macules  of  a  dark 
red  and  later  purplish-red  color,  of  different  sizes,  and  considerably 
larger  than  the  punctate  macules  which  were  described  in  connec- 
tion with  the  throat  in  scarlet  fever.  These  papules  in  certain  cases 
are  arranged  crescentically,  and  may  sometimes  be  found  to  have 
coalesced  in  some  parts  of  the  fauces.  The  mucous  membrane  be- 
tween the  lesions  is  comparatively  normal  in  color,  although  there 
may  be  a  slight  hyperemia  of  the  entire  throat.  This  hyperemia, 
however,  is  not  nearly  so  intense  as  is  seen  in  the  throat  in  scarlet 
fever.  The  exanthem  in  the  throat  is  at  its  maximum  with  the 
beginning  of  the  cutaneous  efflorescence,  and  may  take  as  long  as 
three  or  four  days  to  disappear.  It  is  often  not  clear  and  character- 
istic, and  is  not  so  important  in  the  early  diagnosis  of  measles  as 
are  the  Kt^lik's  spots. 

End  of  the  Prodromal  Stage. — After  the  peculiar  remission  of 
the  fever,  which  most  commonly  occurs  on  the  second  day  of  the 
disease,  the  temperature  rises  again,  and  remains  high,  or  continues 
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the  period  of  desquamation  in  scarlet  fever.  The  desquamation 
begins  in  the  order  in  which  the  efflorescence  came  out,  namely, 
first  on  the  face  and  later  on  the  chest.  The  furfuraceous  char- 
acter of  the  desquamation  is  especially  noticeable  on  the  sides  of  the 
nose.  The  desquamation  on  the  body  is  so  slight  and  fine  as  to 
be  hardly  noticeable.  Older  children  sometinies  complain  of  itching, 
especially  of  the  legs,  during  the  stage  of  desquamation.    . 

The  Temperature  CtntVE. — In  typical  cases  of  measles,  the 
temperature  curve  is  often  quite  characteristic.  The  peculiar  fall  of 
temperature  on  the  second  day  of  the  prodromal  stage,  one  or  two 
days  before  the  appearance  of  the  efflorescence,  has  already  been 

Chaetq 


/?^vs  ofDise* 

tso 

F 

t 

2 

3 

1 

5 

6 

7 

« 

9 

10 

C 

KK- 
KW 
W 

102° 
IOI» 
100° 

9r 

"■ 

"* 

"' 

"■ 

"■ 

"■ 

Fi 

.. 

"■ 

416° 

*l.l' 

"J 

39   ° 

38  8° 

1 

^ 

/ 

/ 

37.7° 
37  2° 
370" 
36  6° 
36.1° 
35.5° 
350° 

/ 

/ 

97° 

96° 
95° 

_ 

^ 

. 

= 

^ 

Typical  measles 


mentioned.  The  temperature  reaches  its  maximum  on  the  second 
day  of  the  efflorescence,  remains  high  another  day  until  the  full 
development  of  the  eruption,  and  then  falls  abruptly  by  a 
sharp  or  broken  crisis.  If  the  temperature  fails  to  fall  before  the 
fourth  or  fifth  day  after  the  appearance  of  the  exanthem,  it  is  strongly 
suspicious  of  a  complication.  The  highest  point  reached  by  the 
fever  is  usually  at  least  103°  F.,  and  may  be  as  high  as  105°  F.  Devia- 
tions from  the  typical  temperature  curve  are  common  in  cases  other- 
wise typical,  especially  a  fall  of  temperature  by  lysis  beginning  at 
the  height  of  the  exanthem. 

Accompanying  Symptoms. — ^The  general  condition  is  much  affected 
both  in  the  stages  of  invasion  and  of  efflorescence.  Severe  cough, 
headache,  and  photophobia  are  the  most  troublesome  symptoms. 
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infrequently  been  noted  in  which  the  post-aural  ai 
were  markedly  enlarged. 

There  is  a  form  of  measles,  called  the  recurrent 
relapsing  fever.  The  main  characteristic  of  this 
fever.  The  temperature  will  sometimes  be  raised  f( 
will  then  become  normal  for  seven  or  eight  days, 
again  with  a  recurrence  of  the  symptoms.  This  : 
form,  and  one  which  needs  merely  to  be  menti 
accompanied  by  the  general  symptoms  connected  w 
and  bronchi  which  are  met  with  in  the  typical  fon 
Relapses  occur  in  measles,  but  they  are  uncomi 
In  reviewing  the  pictures  which  have  been  giv( 
tions,  it  must  be  evident  that,  although  in  the  la 
cases  measles  runs  so  typical  a  course  that  the 
easily  made,  yet  such  great  variations  in  type  ar 
to  occur  that  we  should  be  extremely  careful  not  to 
of  certain  other  diseases,  such  as  rubella,  except  i 
cimistances.  This  is  important,  because  we  know 
demies  of  well-marked  measles  all  these  great  variat 
tion,  prodromata,  efflorescence,  desquamation,  and 
not  infrequently  arise. 

COMPLICATIONS  AND  SEQUELAE.— There 
ber  of  complications  and  sequelae  which  may  occu 
measles.  The  most  common  of  the  serious  ones  ar 
luberctdosis. 

Bronchopneumonla. — The  bronchitis  which  is 
accompaniment  of  measles  sometimes  appears  in  a 
attacking  the  smaller  bronchi  as  well  as  those  of 
may  result  in  a  broncbopneumotua,  which  is  mu 
as  a  complication  of  measles  than  is  lobar  pneumon 
pneumonia  does  not,  however,  appear  to  be  mor 
arises  as  a  complication  of  measles  than  when  it 
from  that  disease.  Bronchopneumonia  as  a  compl 
may  occur  very  early  in  the  course  of  the  disease 
stage  of  invasion;  but  it  occurs  most  commonly  tc 
the  second  week. 

When,  therefore,  after  the  efflorescence  has  fad 
has  subsided,  the  temperature  again  rises  without 
inflammation  in  the  throat,  ears,  or  glands,  we  sho 
bronchopneumonia  is  developing.  The  addition 
quickened  respiration  and  movement  of  the  alae 
still  more  probable  the  supposition  that  this  comp 
even  though  no  consolidation  is  detected  in  the  li 

The  congestion  of  the  larger  bronchi,  which  app 
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Eye. — In  addition  to  the  conjunctivitis  which  is  a  common  ac- 
companiment of  measles,  and  which,  as  a  rule,  requires  no  treatment 
beyond  the  protection  of  the  eyes  from  light,  the  inflammatory  pro- 
cess may  extend  to  the  deeper  tissues  of  the  eye  and  cause  other 
grave  lesions,  such  as  blennorrhagic  ccmjututintis,  keratitis,  and  iritis. 
These  complications  should  be  treated  at  once  by  a  skilled 
ophthalmologist. 

THYROro  Gland.^ — In  a  very  few  cases  an  acute  swelling  of  the 
thyroid  gland  may  take  place  during  the  course  of  measles.  This 
swelling  of  the  thyroid  gland  may  even  cause  marked  dyspnea  by 
pressure,  but  it  usually  disappears  in  two  or  three  days.  In  some 
cases,  however,  a  formation  of  pus  has  taken  place,  followed  by 
destruction  of  a  part  of  the  gland.  In  intractable  cases  of  this  kind 
it  has  been  found  that  the  external  application  of  iodine  is  useful. 

Lymphnodes. — Enlarged  cervical  lymphnodes  are  not  so  common 
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in  measles  as  in  scarlet  fever,  but  they  may  occur,  a 
prove  serious  from  the  occurrence  of  suppuration. 

Tuberculosis. — The  most  common  sequela  of  mea^ 
culosis.     This  means  that  in  a  child  already  infected     ' 
culosis  in  the  primary  stage,  measles  markedly  predis] 
the  development  of  secondary  manifestations.    These  r 
form  of  general  miliary  tuberculosis,  or  secondary  tu 
some  organ  or  part  of  the  body.    Tubercular  disease  < 
seems  to  show  a  special  liabiUty  to  follow  attacks  of     i 
is  noticeable  that  when  a  patient  with  a  tubercular  j 
attack  of  measles,  the  process  in  the  joint  is  apt  to  bee  i 
rarily  more  active,  and  the  prognosis  is  comparatively     i 
The  organ  which  in  measles  is  most  commonly  affected 
iosis  is  the  lung,  and  the  most  common  form  of  tuberci  ■ 
lung  is  a  tubercular  bronchopneumonia. 

Paralysis.— Another  sequela,  although  a  rare  one,  i 
Cases  thus  complicated  have  shown  mostly  a  paraplegia,  j : 
ing  to  Osier,  frequently  can  be  classified  as  post-febrile  p . 
although  it  is  possible  that  some  of  them  may  be  due  t : 
ascending  myelitis. 

Noma. — A  very  rare  sequela  of  measles  is  the  disease  ii 
crum  oris). 

Among  the  rarer  complications  of  measles  are  empyi 
carditis,  pericarditis,  and  membranous  laryngitis.  Calarrka. 
and  tracheitis  are  not  infrequent  accompaniments  of 
stage  of  measles.  Edema  of  the  glottis  is  rare,  but  has  b 
to  occur. 

The  irritation  of  the  intestine,  occurring  commonly  i 
height  of  the  efflorescence  and  temperature,  sometime 
much  more  severe  from  the  development  of  colitis  as  a  coi 

DIAGNOSIS. — In  order  to  understand  how  difficult  it 
is  to  diagnose  measles,  we  must  recognize  that  it  is  one  o 
variable  diseases  with  which  we  have  to  deal.  During 
of  undoubted  measles,  cases  arise  which  differ  materiall; 
disease  as  it  appears  in  its  typical  form,  yet  these  cases,  by 
the  typical  form  in  other  individuals,  prove  that  they  are 
by  the  same  contagium.  In  like  manner,  certain  epidem 
characterized  by  irregular  forms  of  the  disease,  and,  as  tr 
can  rarely  occur  more  than  once  in  the  same  individual, 
nition  of  a  sporadic  case  is  often  difficult.  As  in  other 
the  skin,  we  should  recognize  measles  not  by  any  particu 
lesion,  but  by  the  peculiarities  of  the  prodromal  symj 
general  course  and  location  of  the  efflorescence,  the  time  ol 
mum  of  the  efflorescence,  and  the  character  of  the  des< 
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are  comparatively  rare.  Bronchopneumonia  is  seen  most  often  in 
feeble  or  rachitic  infants.  In  such  cases,  when  the  disease  begins 
with  a  severe  bronchitis,  and  when  the  eruption  is  not  well  marked, 
the  pr(^nosis  is  very  uncertain. 

PROPHYLAXIS.— It  is  often  said  that  as  every  individual  must 
have  measles,  it  is  useless  to  attempt  to  protect  healthy  children, 
and  that  it  is  best  to  allow  them  to  become  exposed  while  well,  in 
order  to  protect  them  from  acquiring  the  disease  at  some  future 
time,  when  they  may  be  in  poor  health,  or  when  measles  may  be 
more  inconvenient.  I  do  not  at  all  agree  as  to  the  desirability  of  such 
a  plan.  One  can  never  be  sure,  no  matter  how  well  a  child  seems, 
that  the  disease  will  run  a  mild  course,  and  if  a  complication  does 
develop,  the  physician  who  is  responsible  for  the  health  of  the  child 
will  have  much  to  reproach  himself  for.  It  must  also  be  remembered 
that  measles  is  mainly  dangerous  in  young  children.  It  is  conse- 
quently especially  important  to  protect  the  very  young,  or  the  weak 
and  sickly.  It  is  not  true  that  measles  runs  a  more  severe  course 
in  adults. 

Whenever  a  child  becomes  sick  with  any  symptoms  compatible 
with  measles,  it  should  be  rigidly  isolated.  If  this  is  done,  there  is 
a  possibility  that  the  other  children  in  the  household  may  escape, 
especially  the  younger  ones.  If  the  diagnosis  of  measles  is  con- 
firmed, the  isolation  should  be  continued,  the  patient  and  its  nurse 
being  treated  in  the  same  way  as  in  scarlet  fever,  except  that  rigid 
isolation  of  the  nurse  is  not  necessary.  She  may  go  in  and  out, 
but  it  is  better  for  her  to  be  kept  away  from  the  other  children. 

The  rigid  disinfection  of  all  clothing  and  other  articles  used  in 
the  sick  room,  which  is  practiced  in  scarlet  fever  and  diphtheria,  is 
not  necessary  in  measles.  On  the  other  hand,  other  children  should 
not  be  allowed  near  the  sick  room.  Whenever  possible,  in  private 
practice,  I  send  them  out  of  the  house. 

When  measles  occurs  in  kindergartens,  day  nurseries,  or  any  place 
where  young  children  congregate,  the  institutions  should  be  closed. 
It  is  not,  however,  necessary  to  close  the  common  day  schools  on 
account  of  measles,  as  epidemics  cannot  be  checked  in  this  way. 
In  children's  hospitals,  the  ward  in  which  measles  occurs  should 
admit  no  new  patient  until  fourteen  days  after  the  appearance  of 
the  last  case. 

The  measles  patient  should  be  kept  in  isolation  until  fully  conva- 
lescent, usually  two  weeks  at  least.  After  release,  disinfection  of 
the  sick  room  is  uimecessary.  It  should  simply  be  given  a  good 
airing. 

TREATMENT.— The  treatment  of  measles  is  essentially  sympto- 
matic.    There  is  no  known  means  of  producing  immunity  to  the 
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PROBLEMS  AND  RESEARCH.— The  central  probi 
is  that  of  the  etiology.  Every  effort  to  discover  the  f 
Organism  which  undoubtedly  causes  the  disease,  has 
results  of  blood  cultures  have  been  uniformly  negative. 

The  most  significant  step  in  advance  taken  by  resi 
on  measles,  has  been  the  successful  transmission  of  I 
monkeys,  by  inoculating  their  noses  and  throats  with 
of  a  measles  patient.  Through  this  means  it  has  be 
that  the  virus  is  present  in  these  secretions  as  well  as 
It  has  further  been  demonstrated  that  the  virus  can 
a  Berkefeld  filter,  and  that  the  infectivity  of  the  vir 
as  defervescence  is  approached,  and  disappears  in  conv 
has  further  been  demonstrated  that  the  products  of 
are  not  infectious. 

This  production  of  experimental  measles  opens  the 
further  study  of  many  characteristics  of  the  virus. 
that  these  researches  will  eventually  be  crowned  by  t 
liant   result  as   in  poliomyelitis,  and  that  a  way  will 
cultivate  the  virus  artificially. 

The  order  of  appearance  of  the  rash  bears  a  connec 
tain  characteristics  of  the  blood  supply.  It  has  been  s 
the  virus  may  agglutinate  in  the  capillaries. 

Herrman,  taking  advantage  of  the  immunity  of  infa 
protective  inoculations  in  infants  under  five  months.  1 
promising  but  not  conclusive. 

RUBELLA 

(German  Measles;  Rotheln) 

Rubella,  or  German  measles,  is  a  specific  infectious 
acterized  by  an  efflorescence  resembling  measles  but  of 
and  by  the  absence  of  catarrhal  symptoms,  high  fever 
constitutional  disturbance.  The  disease  is  contagiou: 
chiefly  in  epidemics. 

There  has  been  in  the  past  considerable  doubt  as  ti 
clinical  picture  of  rubella  represents  a  disease  sui  gi 
authorities  beUeve  it  to  represent  a  mild  and  atypical  foi 
This  doubt  as  to  the  separate  identity  of  rubeUa  couk 
exist  in  the  mind  of  anyone  who  had  ever  seen  an  e[ 
evidence  in  favor  of  the  separate  existence  of  rubella  li 
that  in  epidemics,  the  clinical  picture  in  children  who 
disease  by  known  exposure  always  retains  its  particu 
istics,  and  never  resembles  typical  measles.  Furthermc 
tical  evidence  of  most  epidemics  has  shown  that  rubel 
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known.  Older  infants  are  frequently  infected,  and  the  disease  is 
fairly  common  in  yoimg  adults.  Immimity  to  measles  gained  by  a 
previous  attack  does  not  protect  against  rubella.  More  than  one 
attack  is  rare. 

Incubation. — The  stage  of  incubation  in  German  measles  is  long, 
from  seventeen  to  twenty-one  days.  Rarely  is  it  as  short  as  fourteen 
days. 

SYMPTOMS.  Prodromal  Stage.— ^In  the  majority  of  cases 
there  are  no  prodromal  symptoms  in  rubella,  the  first  thing  to  attract 
attention  being  the  efflorescence.  Sometimes  for  from  half  to  one  day 
before  the  appearance  of  the  rash  there  is  malaise,  fretfulness,  slight 
sore  throat,  slight  fever,  and  the  symptoms  of  a  mild  cold  in  the 
head.  These  symptoms  are  not  severe  enough  to  be  especially  noted, 
and  do  not  suggest  a  severe  process  of  any  kind,  and  the  physician 
usually  first  learns  of  them  through  his  inquiries  made  after  the 
appearance  of  the  rash. 

The  Efflorescence. — The  exanthem  of  rubella  appears  first  on 
the  face,  or  about  the  ears,  and  spreads  very  rapidly,  so  that  usually 
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in  half  a  day  the  skin  of  the  entire  body  is  involved.  The  spots  at 
first  are  about  the  size  of  the  head  of  a  small  pin,  and  grow  somewhat 
larger,  but  do  not  reach  the  size  of  the  measles  papules.  As  com- 
pared with  measles  the  spots  are  not  only  somewhat  smaller,  but  also 
paler,  not  so  much  raised  above  the  nonnal  surface,  and  more  regular 
in  outline.  Their  shape  is  round  or  oval.  In  further  contradistinc- 
tion to  the  rash  of  measles,  that  of  rubella  is  more  uniform  in  the 
size  of  the  papules,  more  sparsely  distributed,  more  evenly  distrib- 
uted, and  does  not  become  confluent,  except  sometimes  on  the  cheeks. 
In  the  beginning  the  entire  face  sometimes  seems  reddened. 

The  rash  is  often  so  much  paler  than  that  of  measles,  that  it  may 
be  overlooked  entirely.  The  color  disappears  on  pressure,  except 
that  when  fading  it  leaves  behind  a  slight  pigmentation  which  is  less 
than  that  of  measles. 

The  efflorescence  of  rubella  is  usually  most  marked  on  the  face, 
back,  and  extensor  surfaces  of  the  extremities,  or  on  parts  of  the 
body  where  the  clothing  presses.  It  is  seldom  seen  at  its  fullest 
development  all  over  the  body  at  the  same  time,  so  that  on  the  face 
it  is  already  fading  when  the  body  is  involved,  and  is  fading  on  the 
body  when  it  reaches  the  limbs.  Often  large  areas  of  the  body  re- 
main uninvoived. 

The  rash  remains  visible  in  any  one  place  from  one  to  two  days, 
and  the  whole  period  of  efflorescence  is  usually  from  two  to  three 
days. 

At  times  the  efflorescence  is  composed  of  such  small  papules,  that 
it  resembles  scarlet  fever  (scarlatiniform  type).  According  to  some 
observers  this  type  is  never  seen  on  all  parts  of  the  body  in  epidemics 
of  rubella,  but  only  on  certain  parts  such  as  the  chest  and  thighs. 
According  to  other  observers  a  general  scarlatiniform  type  has  been 
seen  in  rubella  epidemics.  The  former  authorities  believe  a  general 
scarlatiniform  rash  means  not  rubella,  but  Dukes'  disease  ("fourth 
disease").  The  latter  authorities  do  not  believe  in  the  separate 
identity  of  Dukes'  disease.  Occasionally  the  rash  of  rubella  shows 
urticaria-like  lesions. 

No  desquamation  is  observed  in  the  majority  of  cases,  but  at 
times  there  is  a  very  fine,  powdery  desquamation. 

Other  Symptoms. — The  most  important  symptom  of  rubella 
beside  the  efflorescence,  is  an  enlargement  of  the  peripheral  lymph- 
nodes.  This  is  a  constant  symptom  of  German  measles,  and  may 
occur  from  two  to  four  days  before  the  appearance  of  the  exanthem. 
The  lymphnodes  most  markedly  involved  are  those  of  the  neck, 
especially  the  post-auricular  group.  The  glands  reach  a  size  vary- 
ing from  that  of  a  bean  to  that  of  a  hazel  nut,  and  are  often 
tender  to  pressure.    The  swelling  does  not  disappear  for  one  or  two 
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affection  of  the  upper  air-passages,  and  high  fever,  fa 
The  absence  of  a  prodromal  stage  and  the  presence  of 
of  the  cervical  lymphnodes  favor  rubella.  The  lonj 
period  of  rubella,  at  least  fourteen  days,  is  sometimes  a 
nosis.  The  diazo  reaction  in  the  urine  is  said  to  be  absei 
while  it  is  present  in  measles.  The  blood  examination  is 
assistance,  as  neither  disease  is  accompanied  by  a  leuki 

Scarlet  fever  rarely  comes  into  consideration  in  diffe 
nosis.  The  cases  of  rubella  with  a  scarlatiniform  rash  i 
some  areas  where  the  appearance  of  the  rash  is  incom 
scarlet  fever.  The  mildness  of  the  constitutional  distu 
the  absence  of  marked  angina  and  strawberry  tongue,  ex 
fever. 

Some  of  the  toxic  erytkemata  with  a  measles-hke  n 
considerable  difficulty  at  times  in  differential  diagnosis 
is  usually  less  uniform,  but  the  diagnosis  can  only  be  mac 
all  the  circumstances  into  consideration. 

PROGNOSIS.— The  prognosis  is  good.  Rubella  is 
and  most  favorable  of  all  the  specific  infectious  diseases 

PROPHYLAXIS. — Special  measures  of  prophylaxis  a 
sary.  Isolation  should  be  enforced  only  when  there  is 
of  the  diagnosis,  while  the  physician  is  waiting  to  deci 
measles  and  rubella. 

TREATMENT. — No  special  treatment  is  required, 
any  fever  or  constitutional  disturbance,  the  child  shoulc 
bed,  with  a  light  diet,  the  treatment  being  that  of  a  i 
measles.    Children  should  be  kept  out  of  school  for  a 
days,  but  when  the  temperature  is  normal  and  there  a; 
toms,  may  go  out  doors. 

PROBLEMS  AND  RESEARCH.— The  chief  problei 
is  that  of  the  etiology.  Very  little  research  work  has 
devoted  to  the  disease.  Physicians  have  been  engaged 
exact  description  of  the  clinical  features. 

DUKES*  DISEASE 

("Fourth  Disease") 

In  1900  the  English  physician  Dukes  described  as  a 
gious  disease  a  condition  which  resembled  mild  cases  of 
but  which  did  not  appear  to  be  either  scarlet  fever,  mi 
bella,  and  which  he  consequently  designated  as  "the  foi 

Dukes  observed  several  epidemics,  and  described  tl 
follows:    There  are  usually  no  prodromal  symptoms,  a 


with  a  scarlatiniform  rash,  but  regarded  it  as  a  distinct  disease. 
Many  authorities  have  regarded  the  "fourth  disease"  as  representing 
rubella  with  a  scarlatiniform  rash,  and  the  long  incubation  period 
would  well  fit  rubella.  Dukes,  however,  was  unwilling  to  admit  the 
identity  of  the  disease  with  rubella,  on  the  ground  that  it  frequently 
occurred  in  children  who  had  had  rubella. 

Opinions  differ  as  to  the  separate  identity  of  Dukes'  disease.  The 
majority  of  authorities  deny  it,  and  regard  the  clinical  picture  as 
representing  either  a  very  mild  abortive  form  of  scarlet  fever,  or 
an  atypical  rubella  with  scarlatiniform  rash.  Others  believe  that 
Dukes'  disease  has  a  separate  existence.  In  epidemics  of  rubella 
scarlatiniform  rashes  are  not  uncommon,  but  they  usually  involve 
only  parts  of  the  body,  and  a  general  scarlatiniform  rash  has  hardly 
ever  been  described.  In  an  epidemic  in  Phijadelphia,  described  by 
Ostheimer,  scarlatiniform  rashes  were  seen,  but  were  limited  in 
extent.  Also,  the  mildest  scarlet  fever  cases  usually  show  some 
features  more  characteristic  of  scarlet  fever,  than  does  the  cUnical 
picture  described  by  Dukes.  I  have  recently  seen  in  the  Infants' 
Hospital  a  case  exactly  fitting  Dukes'  description,  but  in  which  a 
recent  exposure  to  scarlet  fever  could  not  be  excluded.  No  further 
case  occurred. 

The  question  of  whether  Dukes'  disease  repFesents  a  separate 
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susceptibility,    but  to    the  fact   that  almost  all    persons  acquire 
immunity  through  having  the  disease  in  childhood. 

In  general  the  disease  is  commoner  in  the  colder  months,  probably 
because  the  schools  are  open  and  because  housing  conditions  involve 
more  intimate  contact  among  children.  The  disease  is  prevalent  at 
all  times,     I4ecogmzable  widespread  epidemics  are  not  seen. 

Incubation. — The  period  of  incubation  in  the  majority  of  cases 
is  fourteen  days.  It  is  almost  never  less  than  thirteen  days,  and 
may  be  as  long  as  nineteen  days. 

PATHOLOGICAL  ANATOMY.— Deaths  from  varicella  are  so 
extremely  rare  that  our  knowledge  of  the  pathology  of  the  disease 
is  necessarily  limited.  It  is  evident,  however,  that  the  efflorescence 
of  vesicles,  which  represents  the  principal  morbid  lesion  of  the  disease, 
is  of  a  somewhat  different  type  from  that  which  occurs  in  variola. 
The  vesicle  is  much  nearer  the  surface  than  in  the  latter  disease, 
being  formed  mostly' by  the  upper  layers  of  the  epithelium.  The 
vesicle  itself  is  seldom  multilocular,  a  condition  which  is  frequently 
present  in  variola.  The  contents  of  the  vesicles  are  usually  a  clear 
serum,  the  progression  to  a  pustule  being  rare  in  comparison  with . 
the  lesion  of  variola.  The  lesion  so  rarely  involves  the  deeper  layers 
of  the  skin,  and  the  process  is  usually  so  very  mild,  that  it  is  only  in 
a  few  widely  scattered  lesions  that  sufficient  destruction  of  the 
tissue  takes  place  to  produce  a  scar. 

The  lesions  may  appear  on  the  mucous  membranes  as  well  as  on 
the  skin.  At  times  the  lesions  assume  a  much  more  serious  form 
and  may  become  gangrenous.  This  occurs  most  often  in  poorly 
nourished,  atrophic  infants.  In  gangrenous  varicella,  the  vesicles, 
instead  of  drying  up  in  the  ordinary  way,  become  black  and  larger, 
so  that  a  number  of  rounded,  black  crusts  are  scattered  over  the 
surface  of  the  body.  If  a  crust  be  removed,  it  is  found  to  cover  an 
ulcer  more  or  less  deep.  Around  it  the  skin  is  of  a  dusky  red  color. 
All  the  vesicles  do  not  become  gangrenous,  so  that  we  find  crusts 
of  the  ordinary  appearance  mixing  with  the  blackened  crusts.  The 
gangrenous  process  often  penetrates  deeply  through  the  skin  to  the 
muscles.  The  lesions  at  times  are  so  extensive  as  to  form  ulcers 
which  may  invade  and  destroy  large  areas  of  tissue. 

SYMPTOMS.  Pbodromal  Stage. — There  are  rarely  any  pro- 
dromata  in  varicella,  beyond  a  slight  malaise  for  a  few  hours.  At 
times,  however,  especially  in  young  infants,  the  onset  of  the  disease 
may  be  severe;  it  may  be  characterized  by  vomiting,  and,  when  the 
temperature  is  high,  even  by  convulsions.  In  rare  cases  the  pro- 
dromal stage  is  of  considerable  length  and  the  prodromata  resemble 
somewhat  those  of  the  other  exanthemata. 

Efflorescence. — The  first  symptom  usually  noted  by  tbe  child's 
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parents  is  the  rash.  This  ordinarily  appears  first  on  tht 
scalp,  and  soon  appears  on  the  body  and  extremities, 
at  first  of  small  red  spots  about  the  size  of  the  head  of  a  p: 
rapidly  increase  in  size,  becoming  papular,  and  about  as 
small  pea.  In  the  middle  of  a  certain  number  of  these  p 
pears  a  small  vesicle,  which  quickly  spreads,  often  coi 
entire  papule.  The  margin  of  some  of  the  vesicles  borde 
upon  normal  skin,  while  others  do  not  involve  the  who 
and  are  surrounded  by  a  reddened  areola.  The  vesicles  \ 
developed  are  about  the  size  of  a  small  pea.     Their  conte 
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first  clear,  sometimes  shghtly  cloudy,  and  later  they  become 
but  only  occasionally  become  actually  purulent.  The  vesic 
umbilicated,  and  is  unilocular.  After  one  or  two  days  it  1 
dry  up  and  flatten  out,  and  in  three  to  six  days  after  its  ap 
it  becomes  a  dry  yellowish  or  brownish  crust.  These  scale 
at  the  end  of  the  first  or  in  the  beginning  of  the  second  week 
leaving  no  scar,  unless  the  scab  has  been  picked  off  premat 
the  patient. 

It  is  characteristic  of  the  disease  that  not  all  the  lesioi 
appear  go  through  all  these  stages.    A  certain  number  reach 
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is  involvement  of  the  vocaj  cords,  with  hoarseness,  cp 
even  symptoms  of  laryngeal  stenosis. 

Other  Symptoms. — The  temperature  in  varicella 
not  high,  and  is  very  irregular.  It  usually  rises  when 
of  any  considerable  number  develops,  and  falls  again 
There  is  little  or  no  constitutional  disturbance  in 
cases.  There  may  be  restlessness,  disturbed  sleep,  a 
tite.    In  a  few  cases  there  is  high  fever,  headache,  ; 

Atypical  Forms. — In  some  very  severe  cases,  the 
the  first  be  papular  and  hard  like  that  of  variola,  the 
vesicles  may  become  notably  purulent,  and  they  ma; 
by  a  marked  inflammatory  areola.    With  such  sevei 
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Varicella  gangrenosa 

fever  is  higher,  and  the~'constitutional  disturbance 
severe,  A  markedly  purulent  eruption  may  lea 
clothing  children  tends  to  produce  a  more  severe  typ 

Occasionally  single  vesicles  may  reach  an  abnori 
resembling  the  lesion  of  pemphigus.  The  contents  c 
rare  cases  is  hemorrhagic.  The  vesicles  are  pari 
become  pustules  in  poorly  nourished  infants,  in  sub 
and  in  the  uncleanly. 

A  special  type  is  sometimes  seen,  chiefly  in  ill-noi 
which  is  -called  the  gangrenous  form  of  varicella, 
secondary  infection  of  the  vesicles  causes  large  pi 
inflammatory  process  extends  into  the  deeper  layers 


Table  ^^—Cenlinued 
greatly  in  size.    On  pricking,       Lesions  n 
collapses  entirely.  fined  in  its  localization.    Le- 

sions, as  a  rule,  of  unifonn 
size.  On  pricking,  collapses 
partially. 

Desquamation Slight  crust  formation.  Pronounced  crust  formation. 

Duration Short,  one  week  to  ten  days.  Long,  three  to  four  weeks. 

Type Mild.  Severe. 

Temperature Insular,  not  high.  Rises  suddenly.    Remains  high 

until  papules  are  developed, 
when  il  falls  considerably. 
Rises  again  during  the  devel- 
opment of  the  pustules. 

Vaccinlv. — In  vaccinia  the  slow  progression  of  the  lesions  from 
papules  to  pustules,  and  the  rather  limited  areas  affected,  serve  to 
distinguish  it  from  the  successive  crops  of  vesicles,  with  the  rapid 
development  and  extensive  distribution  which  are  met  with  in  varicella. 

Herpes  Zoster. — The  differential  diagnosis  of  varicella  from  herpes 
zoster  is  not  difficult,  if  we  consider  that  the  vesicular  efflorescence 
in  herpes  zoster  follows  the  course  of  some  set  of  nerves,  while  that 
of  varicella  is  perfectly  irregular  and  is  in  no  way  connected  with 
the  distribution  of  the  nerves. 

PROGNOSIS. — ^In  the  majority  of  cases,  the  prognosis  of  vari- 
cella is  good.  Severe  cases  are  very  rare.  The  only  danger  is  in 
wretched  atrophic  children,  in  whom  gangrenous  varicella,  and  gen- 
eral sepsis  sometimes  develop. 

PROPHYLAXIS. — When  a  case  of  varicella  occurs  in  a  family, 
it  is  well  to  isolate  the  patient.  Although  the  disease  is  a  mild  one, 
there  is  always  a  possibility  of  a  severe  course,  and  I  do  not  believe 
in  ever  intentionally  allowing  children  to  become  exposed  to  a  con- 
tagious disease.  It  is  especially  important  to  protect  if  possible 
young  infants  and  sickly  or  poorly  nourished  children.  In  nine  in- 
stances out  of  ten,  however,  isolation  will  be  too  late  to  prevent 
the  spread  of  the  disease  to  the  other  children.  In  children's  hos- 
pitab,  epidemics  can  only  be  prevented  by  closing  the  ward  to  new 
patients  for  three  weeks  after  the  last  case. 

TREATMENT. — The  treatment  of  varicella  is  merely  sympto- 
matic. The  child  should  stay  in  the  house,  and  its  room  should  be 
kept  at  an  even  temperature.  The  diet  should  be  light.  The  child 
should  be  carefully  watched  to  prevent  it  from  scratching,  as  lesions 
deep  enough  to  produce  scars  may  often  be  obviated  in  this  way. 
This  treatment  should  be  continued  until  all  the  constitutional 
symptoms  have  passed  away  and  the  efflorescence  has  disappeared. 
The  skin  should  be  kept  clean.  Itching  may  be  relieved  by  sponging 
the  skin  with  a  solution  of  bicarbonate  of  soda,  or  a  wash  containing 
I  per  cent  carbolic  acid  in  lime  water. 
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PROBLEMS  AND  RESEARCH.  The  only  important  problem 
in  comiection  with  varicella  is  that  of  the  microorganism  which 
causes  the  disease.  The  portals  of  entry  and  exit  for  the  virus  are 
also  still  in  doubt.  Some  investigators  have  failed  to  produce  any 
lesion  in  human  beings  by  inoculation  with  the  contents  of  the  vesicle. 
Others  have  apparently  obtained  a  local  lesion.  Kling  has  reported 
the  attainment  of  a  local  lesion  by  inoculation  which  protected  the 
children  exposed  from  acquiring  the  disease,  whereas  73  per  cent 
of  those  exposed,  but  not  inoculated,  contracted  chicken-pox. 

VARIOLA 

(Smallpox) 

Smallpox  is  a  specific  infectious  disease  of  unknown  etiology.  It  - 
is  extremely  contagious,  and  is  characterized  by  a  typical  fever 
curve  and  a  typical  exanthem. 

ETIOLOGY.  The  MicROORGAmSM. — The  organism  which  causes 
smallpox  has  not  been  discovered.  The  most  prevalent  theory  is 
that  it  belongs  to  the  group  of  protozoa.  It  is  known  that  the  virus 
is  contained  in  the  vesicles,  pustules  and  crusts  which  are  formed 
upon  the  skin  and  mucous  membranes.  The  virus  is  also  present 
in  any  of  the  secretions  and  excretions  which  can  become  contaminated 
with  the  products  of  the  exanthem  or  enanthem.  There  is  evidence 
that  the  virus  is  sometimes  contained  in  the  blood. 

The  virus  can  pass  through  ordinary  filters,  but  not  through  col- 
loid filters.  It  is  highly  resistant  to  such  injurious  influences  as 
light  and  drying,  and  is  also  resistant  to  disinfectants- 

TuANSUissiON.^Both  contaminated  objects  and  droplet  infection 
play  a  part  in  the  transmission  of  smallpox.  Not  only  can  such 
objects  as  linen,  clothing,  and  utensils  which  have  been  in  contact 
with  the  patient,  transmit  the  disease,  but  the  contagium  can  also 
be  carried  on  the  skin,  hair,  or  clothing  of  third  persons  who  have 
been  in  contact  with  a  patient.  The  contagium  is  also  air-borne, 
dust  and  droplet  infection  playing  a  part,  and  there  is  evidence  that 
the  infection  may  be  carried  for  a  considerable  distance  through 
the  air.  It  is  possible  that  insects  may  help  in  the  distribution  of 
the  virus. 

Portal  of  Entry.— The  principal  portal  of  entry  is  the  mucous 
membrane  of  the  respiratory  tract,  as  the  virus  usually  enters  with 
the  inspired  air.  The  possibility  of  infection  through  the  digestive 
tract  cannot  be  excluded.  When  the  contents  of  a  smallpox  lesion 
are  inoculated  into  the  skin,  the  resulting  disease  produced  Is  never 
true  small[K)X,  but  consists  in  a  local  lesion,  which  was  described 
by  Brinckerbofl  as  a  variola  inoculata. 
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(4)  modified.  In  all  these  forms  the  initial  fever,  convulsions,  and 
general  symptoms  may  be  severe,  and  do  not  necessarily  indicate 
which  type  of  the  disease  is  about  to  follow. 

The  mildest  and  most  typical  form  of  the  disease  is  that  which 
is  called  discrete. 

Prodrohata. — Iq  this  form,  the  invasion,  although  sometimes  less 
severe  than  in  the  confluent  and  hemorrhagic  forms,  is  in  infants 
and  young  children  almost  always  of  a  grave  type.  In  infancy  and 
early  childhood  the  disease  commonly  begins  with  convulsions. 
There  may  be  vomiting,  great  restlessness,  rapid  pulse,  high  tempera- 
ture, and  in  a  number  of  cases  the  children  quickly  succumb  to  the 
disease  from  the  virulence  of  the  toxemia.  If  they  survive  this 
early  stage  of  the  disease  they  usually  present  the  same  sequence 
of  symptoms  as  in  cases  occurring  in  later  hfe,  but  may  eventually 
die  from  the  exhaustion  which  often  rises  from  a  prolonged  suppura- 
tive fever.  In  the  prodromal  stage  the  pulse  is  much  accelerated 
and  the  temperature  may  be  as  high  as  104°,  105°,  or  ro6°  F.  In 
this  stage  we  at  times,  especially  among  children,  meet  with  an  evanes- 
cent erythematous  efflorescence.  It  has  a  peculiar  distribution  and 
generally  a  limited  extent,  usually  affecting  the  lower  abdominal 
areas,  the  inner  surface  of  the  thighs,  the  sides  of  the  thorax,  and 
the  axillae;  sometimes,  however,  it  involves  the  whole  surface.  This 
efflorescence  is  distinct  from  the  typical  lesions  of  variola  which 
occur  later. 

Efflorescence. — On  the  third  or  fourth  day  of  the  prodromal 
symptoms  an  efflorescence  appears  on  the  skin,  and  at  this  time  the- 
frequency  of  the  pulse  lessens,  the  temperature  usually  faUs  consider- 
ably, and  the  more  severe  symptoms  improve,  so  that  the  patient 
appears  much  more  comfortable.  The  efflorescence  is  at  first  repre- 
sented by  smaU  red  macules  or  papules,  which,  as  a  rule  first  appear 
on  the  forehead,  or  on  the  face  and  mucous  membranes,  and  later 
on  the  trunk  and  limbs.  The  papules  are  rather  scattered  in  their 
distribution,  and  have  the  feeling  of  shot  under  the  skin.  The 
macules  when  present  soon  become  papules.  On  the  third  day  by 
means  of  a  good  light  a  small  vesicle  can  be  seen  at  the  apex  of  the 
papule,  and  by  the  fifth  or  sixth  day  the  vesicular  stage  is  well  estab- 
lished and  the  vesicle  becomes  distinctly  umbilicated.  This  appear- 
ance on  careful  examination  can  also  be  seen  in  the  lesions  of  the 
mucous  membranes.  At  about  the  eighth  day  the  vesicles  become 
pustules,  the  tops  soon  flatten,  and  the  umbilication  disappears, 
leaving  an  areola  of  injection  and  the  intervening  skin  in  a  swollen 
condition. 

Temperatore, — ^The  temperature  at  this  time  rises,  from  the  sup- 
puration which  is  taking  place  in  the  pustules.    This  rise  of  tern- 


form  of  variola  is  the  more  severe  form,  called  confluent,  on  account 
of  the  tendency  of  the  lesions  to  coalesce.  In  the  confluent  form  of 
-variola  the  efflorescence  usually  appears  at  the  same  time  as  in  the 
discrete  form.  At  about  the  fourth  day  the  lesions  become  con- 
fluent, the  skin  becomes  reddened  and  swollen,  and  the  face  may 
be  much  distorted  by  the  severity  of  the  eruption.  In  this  form 
the  initial  temperature  does  not  fall  to  the  same  degree  as  it  does 
in  the  discrete  form,  and  diarrhea  is  likely  to  occur,  particularly  in 
children.  The  pharynx  and  larynx  are  especially  apt  to  be  involved, 
and  the  cervical  lymphnodes  to  be  enlarged.  The  crusts  adhere 
longer  in  the  stage  of  desquamation  than  they  do  in  the  same  stage 
of  the  discrete  form. 

Hemorrhagic  Form. — The  third  or  hemorrfiagic  is  the  most  virulent 
form  of  variola,  and  may  occur  in  children  as  it  does  in  adults,  although 
not  so  frequently  in  the  former  as  in  the  latter.  Its  symptoms  in 
children  are  so  severe  that  in  almost  every  case  it  very  quickly  proves 
faial.  It  is  characterized  by  punctiform  hemorrhages  in  the  skin, 
appearing  from  the  first  to  the  fourth  day  of  the  prodromal  stage, 
ecchymoses  in  the  conjunctivae,  and  hemorrhages  from  the  mucous 
membranes.  According  to  Osier,  hematuria  is  the  most  common 
form  of  hemorrhage,  hematemesis  the  next. 


in  which  the  pronounced  catarrhal  symptoms  of  the  nose  and  eyes 


The  capillary  tube  is  then  broken,  and  the  lymph  allowed  to  run 
on  the  abrasion,  and  rubbed  in  with  the  side  of  the  needle.  The 
skin  should  be  protected  for  four  or  five  minutes  from  contact  with 
anything  and  then  covered  with  a  sterile  gauze  pad  held  in  place  by 
adhesive  plaster.  The  plate  shows  the  different  stages  of  a  vaccina- 
tion as  they  occurred  in  one  case  carefully  observed  by  the  artist 
every  day. 

Every  case  of  vaccination  does  not  present  exactly  the  same  ap- 
pearances. The  lesions  may  differ  in  shape  and  size,  and  one  indi- 
vidual may  be  affected  more  intensely  by  the  virus  than  another; 
one  may  have  accompanying  severe  constitutional  symptoms  and 
another  may  have  none.  The  chain  of  lymphatics  may  be  affected 
as  far  as  the  axilla  or  the  groin. 

The  following  description  represents  pretty  well  the  usual 
course  of  the  disease.  After  the  vaccination,  the  skin  shows 
nothing  new  until  the  third,  fourth,  or  even  the  fifth  day,  when  a 
red  point  appears.  This  soon  becomes  a  papule;  by  the  next  day  a 
vesicle  has  developed;  about  the  sixth  day  this  vesicle  usually  becomes 
umbilicated,  and  is  surrounded  by  a  faint  red  zone.     By  the  eighth 
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pseudo-membrane,  commonly  ap[>earing  first  on  the  tonsils,  devel- 
ops, and  on  the  second  or  third  day  extends  to  the  soft  palate  and 
uvula.  It  may  also  extend  backward  to  the  pharynx.  During  this 
stage  the  throat  becomes  much  swollen  and  the  tonsils  considerably 
enlarged,  so  as  almost  to  meet  at  times  in  the  median  line.  The 
diphtheritic  membrane  is  usually  firmly  adherent  to  the  mucous 
membrane,  and,  as  the  case  progresses,  assumes  a  brownish  or  yellow- 
ish-grey color,  sometimes  becoming  gangrenous,  with  an  extremely 
fetid  odor.  A  profuse  nasal  discharge  may  appear  at  this  stage. 
Listlessness  is  present,  but  delirium  of  an  active  type  is  not  conmioa. 
In  addition  to  these  lesions  in  the  throat,  the  cervical  glands  are 
usually  involved  and  become  considerably  swollen. 

The  child,  as  a  rule,  shows  grave  constitutional  symptoms.  The 
temperature  is  not  characteristic.  It  is  usually  not  especially  high, 
and  ranges  from  ioi°  to  102°  F.  It  may,  however,  rise  to  104°  F. 
A  subnormal  temperature  is  more  serious  than  a  moderately  elevated 
one.  The  pulse  is  increased  in  rapidity,  and  is  weak,  in  proportion 
to  the  severity  of  the  disease,  but  does  not  always  correspond  to  the 
temperature;  sometimes  it  is  very  slow.  The  slow  pulse  is  indicative 
of  the  action  of  the  toxin  on  the  nervous  centers,  as  well  as  of  the 
weakness  of  the  myocardium.  Diarrhea  is  a  frequent  but  not  a 
constant  symptom.  Loss  of  appetite,  nausea,  and  vomiting  fre- 
quently occur. 

In  typical  cases  the  sjmptoms  abate  towards  the  end  of  the  first 
week,  the  psuedo-membrane  separates,  leaving  a  raw  surface  behind, 
the  neck  becomes  less  swollen,  and  the  child  feels  much  better.  It 
is,  however,  usually  left  in  a  prostrated  condition  for  a  number  of 
weeks;  and  even  in  these  comparatively  mild  cases  the  toxic  effects 
of  the  disease  may  show  themselves  in  the  form  of  a  neuritis  with 
an  accompanying  paralysis  many  weeks  after  the  diphtheria  has  run 
its  course.  There  may  also,  even  in  mild  cases,  be  a  slight  discharge 
from  the  nose,  owing  to  the  inilanmiation  of  the  posterior  nares. 
Slight  albuminuria  is  not  infrequent. 

A  very  prominent  symptom  in  all  forms  of  diphtheria  may  be 
cardiac  weakness.  In  some  cases  the  child  dies  suddenly  without 
any  warning,  or  death  may  be  preceded  by  attacks  of  semi-collapse. 
In  other  cases  there  may  be  a  weak  intermittent  pulse,  which  con- 
tinues throughout  the  disease  and  during  convalescence.  Under 
these  circumstances  the  child  should  be  considered  to  be  in  a  critical 
condition,  as  death  is  likely  to  occur  suddenly. 

THE  MILD  FORM 

A  great  number  of  cases,  especially  in  older  children,  are  of  a  very 
mild  type.  These  cases  are  accompanied  by  very  slight  constitu- 
tional disturbance.    The  temperature  is  moderately  raised,  100°  F, 
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times  even  through  the  Eustachian  tubes  to  the  ears.  All  degrees 
of  severity  are  met  with  between  the  mild  and  malignant  types  of 
diphtheria.  The  membrane,  instead  of  extending  upward  to  the 
nasophar\iut,  as  occurs  in  the  malignant  cases  just  spoken  of,  may 
spread  downward,  attacking  the  epiglottis  and  the  larynx,  and  cause 
serious  obstruction. 

The  general  condition  is  much  affected.  The  children  lie  in  apathy, 
with  open,  staring  eyes.  Occasionally  they  toss  about  in  bed.  There 
is  complete  loss  of  appetite.  Although  thirsty,  it  is  difficult  to  get 
them  to  take  any  fluid.  The  fever  may  be  high  and  remittent,  or 
only  slightly  raised.  The  pulse  is  rapid,  of  small  volume,  and  very 
easily  compressible;  it  may  be  thready  and  hardly  palpable.  The 
extremities  become  cold  and  cyanotic. 

The  heart  sounds  are  feeble.  There  may  be  a  systolic  murmur  at 
the  apex.  Later,  dilatation  with  enlargement  of  the  liver,  may  occur. 
The  spleen  is  somewhat  enlarged,  but  may  not  be  palpable.  The 
urine  contains  albumin  and  casts. 

In  some  severe  forms  the  symptoms  may  be  partly  due  to  an 
associated  streptococcus  infection  of  the  throat,  which  may  spread 
as  in  scarlet  fever.  Such  types  have  been  described  as  "  septic 
diphtheria."  The  streptococcus,  however,  may  be  present  without 
playing  much  part,  the  severity  of  the  symptoms  being  due  to  the 
diphtheria  infection.    The  term  "malignant  diphtheria"  is  preferable, 

The  course  of  severe  diphtheria  has  been  much  modified  by  serum 
therapy.  Before  the  days  of  antitoxin,  the  majority  of  these  severe 
cases  died  in  the  second  half  of  the  first  week,  either  from  intoxica- 
tion and  circulatory  failure,  or  from  bronchopneumonia.  With  early 
serum  treatment,  the  severe  progress  of  the  case  can  often  be  arrested 
in  time.  In  such  cases  the  throat  becomes  clear  of  membrane  by  the 
end  of  the  first  week.  Convalescence  is,  however,  slow,  taking  a 
number  of  weeks,  and  there  remains  sUU  the  possibility  of  a  sudden 
death  from  heart  failure. 

NASAL  DIPHTHERIA 

Diphtheria  sometimes  begins  in  the  nose  and  spreads  no  farther. 
Primary  nasal  diphtheria  may  be  either  very  mild  or  very  severe, 
according  to  where  the  membrane  is  situated.  If  the  membrane  forms 
in  the  anterior  nares,  the  probability  of  absorption  is  reduced  to  a 
minimum,  and  there  is  usually  very  little  constitutional  disturbance. 
The  condition  is  especially  liable  to  be  overlooked,  as  the  child  for 
one  or  two  days  may  show  merely  the  symptoms  of  fever,  malaise, 
loss  of  appetite,  and  a  discbarge  from  the  nose.  On  examining  the 
nose  carefully,  however,  a  pseudo-membrane  will  often  be  found. 
It  is,  therefore,  very  important  in  cases  of  this  kind  to  have  a  bac- 
teriological examination  made,  and  to  isolate  the  child  until  it  is 
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determined  that  the  Klebs-Loffler  bacillus  is  not  present.  These 
cases  are  a  prolific  source  of  infection  to  the  community  at  large,  for 
even  when  antitoxin  has  been  given  it  does  not  immediately  kill  the 
bacilli,  although  it  may  stop  the  nasal  discharge. 

The  importance  of  recognizing  nasal  diphtheria  of  this  type  lies  in 
preventing  the  spreading  of  the  disease  to  others.  The  history  of 
many  serious  outbreaks  of  diphtheria  is  due  to  the  fact  that  some 
member  of  a  family  or  some  inmate  of  an  institution  has  had  a  pro- 
fuse discharge  from  the  nose  without  any  constitutional  disturbance, 
and  has  been  the  focus  from  which  has  arisen  many  severe  cases  of 
diphtheria.  This  is  not  a  theoretical  statement,  but  is  the  result 
of  experience.  Every  profuse  discharge  from  the  nose,  particularly 
if  there  is  any  excoriation  about  the  nostrils,  should  be  looked  upon 
with  suspicion  and  cultures  should  be  taken.  A  unilateral  discharge 
is  always  suspicious,  usually  meaning  either  diphtheria  or  a  foreign 
body.  If  adenoids  are  to  be  removed,  cultures  should  always  be 
taken  before  the  operation  is  performed,  for  it  very  frequently  hap- 
pens that  a  child  who  has  had  a  profuse  discharge  from  the  nose,  has 
a  severe  attack  of  diphtheria,  immediately  after  the  removal  of  the 
adenoids  or  the  excision  of  the  tonsils.  If  the  operation  for  cleft 
palate  is  to  be  performed,  it  is  still  more  important  to  take  cultures; 
because,  if  there  are  any  bacilli  of  diphtheria  in  the  nasal  discharge, 
this  organism  is  sure  to  grow  upon  the  surfaces  of  the  operative  tract, 
and  the  patient  not  only  has  an  attack  of  diphtheria,  which  may  be 
mild  or  severe,  but  also  the  edges  of  the  wound  slough  and  render  a 
second  operation  much  more  difficult. 

When  the  disease  is  situated  in  the  posterior  nares  and  the  naso- 
pharynx is  affected,  either  primarily  or  secondarily  through  the  nares 
or  the  pharynx,  the  constitutional  symptoms  are,  as  a  rule,  marked. 
This  is  in  all  probabihty  accounted  for  by  the  great  mass  of  lymphatics 
in  the  nasopharynx,  where  absorption  takes  place  so  easily  that  general 
septic  poisoning  quickly  follows,  often  with  fatal  result.  In  these 
cases  the  toxin  generated  is  very  readily  absorbed  and  may  cause 
death  from  its  effects  on  the  heart.  Many  patients  die  from  unrecog- 
nized nasal  diphtheria,  because  no  membrane  is  seen,  and  the  first 
indication  of  serious  trouble  is  a  rapid  action  of  the  heart  known  as 
the  bruit  de  galop,  or,  in  some  instances,  there  may  be  a  slow  pulse, 
and  the  physician  is  often  unable,  if  he  does  not  have  the  idea  of 
nasal  diphtheria  in  mind,  to  explain  the  symptoms. 

LARYNGEAI.  DIPHTHERIA 

This  form  of  diphtheria  is  what  is  commonly  known  as  "true 
croup"  or  "membranous  croup."  It  includes  all  cases  in  which  the 
membrane  extends  into  the  larynx,  trachea,  and  bronchi.  It  is  the 
most  dreaded  of  all  the  clinical  forms  of  diphtheria.    It  is  most 


i 


The  chief  symptom  is  increasing  inspiratory  dyspnea. 

The  hoarseness  increases  until  complete  aphonia  is  present.  The 
cough  is  at  first  of  a  harsh  ringing  character,  but  later  becomes  husky 
and  painful. 

Either  at  the  beginning  in  very  young  children,  or  a  little  later 
in  older  children,  inspiration  becomes  prolonged  and  noisy.  It 
resembles  the  breathing  in  an  attack  of  common  or  false  croup,  but 
becomes  steadily  worse,  is  uninfluenced  by  the  ordinary  treatment 
of  common  croup,  and  does  not  improve  by  day. 

Steady  progress,  steadily  increasing  severity  of  sjrmptoms,  is 
characteristic  of  laryngeal  diphtheria.  There  is,  however,  the  greatest 
variation  in  the  rate  of  progress.  The  full  development  of  the  pic- 
ture may  be  reached  in  twenty-four  hours,  or  may  not  be  reached  for 
four  or  five  days.  The  inspiratory  obstruction  becomes  dyspnea, 
and  this  becomes  more  and  more  marked.  If  the  lungs  are  clear, 
the  rate  of  respiration  is  not  increased,  but  the  noisy  and  prolonged 
inspirations  cause  marked  effort,  and  are  accompanied  by  retraction 
of  the  intercostal  and  supraclavicular  spaces,  and  later  of  the  epigas- 
trium and  lower  chest.  These  signs  become  more  and  more  marked, 
and  finally  increasing  cyanosis  develops. 

The  temperature  may  or  may  not  be  raised.  As  the  toxic  absorp- 
tion is  slight,  on  account  of  the  locality  affected,  the  constitutional 
symptoms  are  correspondingly  mild.  ThS  child  is  very  restless,  is 
forced  to  sit  up  in  order  to  breathe,  and,  for  the  same  reason,  bends 
its  body  forward  with  its  head  back. 

Inspection  of  the  throat  shows  signs  which  vary  according  to  whether 
the  laryngeal  process  is  primary,  or  secondary  to  a  primary  process 
in  the  throat.  There  may  be  membrane  visible  in  the  throat,  or 
only  redness  and  swelling  of  the  tonsils  and  mucous  membrane,  or 
there  may  be  nothing  abnormal  seen.  If  a  tongue  depressor  be 
placed  on  the  back  of  the  tongue,  and  strong  pressure  made,  the 
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times — a  still  more  dangerous  sign.  Every  slight  exertion  greatly 
increases  the  frequency  of  the  pulse.  Occasionally  there  are  attacks 
of  weakness,  sudden  pallor,  dyspnea,  vomiting,  or  abdominal  pain. 
These  premonitory  sjTnptoms  can  go  no  farther,  and  can  be  recovered 
from  in  the  course  of  one  or  two  months.  At  tin\es,  however,  after 
the  child  is  believed  to  be  wholly  out  of  danger,  sudden  death  may 
occur.  The  cause  is  believed  to  be  either  a  myocarditis  of  toxic 
origin,  or  more  commonly,  a  toxic  degeneration  of  the  nervous  mech- 
anism governing  the  heart. 

The  Eas. — Otitis  media  is  a  frequent  complication  of  diphtheria. 
In  most  cases  it  is  not  due  to  the  Klebs-LoSler  bacillus,  but  to  a 
mixed  infection,  as  in  any  infectious  disease  involving  the  throat. 
Secondary  diphtheria  of  the  ear,  caused  by  the  excursion  of  the 
specific  organism  from  the  throat  to  the  nasal  passages,  and  thence 
to  the  ear,  through  the  Eustachian  tube,  can  occur.  Improper 
methods  of  treatment,  such  as  unwise  irrigation,  increase  the  danger 
of  ear  complications. 

The  Kidneys. — In  most  cases  of  diphtheria  albuminuria  is  pres- 
ent, with  numerous  casts.  This  represents  a  degeneration  of  the 
epithelium  of  the  convoluted  tubules.  A  severe  nephritis  involving 
the  glomeruli,  with  diminished  urine  and  edema,  is  rare. 
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the  patellar  reflex,  which  lasts  a  Dumber  of  weeks,  and  is  sometimes 
permaaent.  The  electrical  reactioQ  of  the  paralyzed  muscles  shows 
a  mild  reaction  of  degeneration. 

DIAGNOSIS  OF  DIPHTHERIA.  Bacteeiologicai  Diagno- 
sis.— ^The  positive  diagnosis  of  diphtheria  depends  upon  the  finding 
of  the  Klebs-Loffler  bacillus  in  the  lesions  present.  Bacteriolog- 
ical examination  should  be  made  in  every  suspicious  case.  Although 
faucial  diphtheria  can  often  be  recognized  clinically  with  a  fair  degree 
of  certainty,  there  is  always  some  doubt  without  bacteriological  proof, 
and  the  most  typical-looking  membrane  may  not  be  diphtheritic. 
So  important  is  the  early  recognition  of  diphtheria,  that  I  believe 
that  a  bacteriological  examination  should  be  made  in  every  case  with 
sore  throat,  or  with  any  lesion  or  acute  inflammation  involving  the 
throat.  It  should  also  be  made  in  cases  with  nasal  discharge  and 
constitutional  symptoms,  or  with  unilateral  or  bloody  nasal  discharge. 

The  bacteriological  examination  may  be  made  both  by  means  of 
cvltures,  and  oi  fresh  cover-glass  preparations.  The  results  of  cultures 
are  more  certain,  but  they  require  more  time.  I  believe  that  both 
methods  should  be  employed. 

The  material  both  for  cultures  and  for  fresh  cover-glass  prepara- 
tions is  obtained  in  the  same  way,  by  means  of  a  small  sterile  cotton 
swab.  This  should  be  preferably  rubbed  at  the  edges  or  imder  the 
edges  of  the  membrane  rather  than  upon  the  surface.  If  typical 
membrane  be  not  present,  the  swab  ^ould  be  rubbed  upon  any 
spots  which  may  appear  in  the  crypts  of  the  totisUs,  or  if  there  be  no 
spots,  upon  any  part  of  the  mucous  membrane  which  appears  most 
inflamed.  If  there  is  a  suspicion  of  larj'ngeal  diphtheria,  the  swab 
should  be  applied  to  the  posterior  wall  of  the  pharynx.  Two  swab- 
bings  should  be  taken,  one  of  which  is  rubbed  upon  the  surface  of 
Loffler's  blood-serum  culture  medium,  and  the  other  upon  the  surface 
of  the  cover-glass.  The  culture  should  be  incubated  for  twelve 
hours,  and  then  cover-glass  preparations  are  made  from  the  surface 
of  the  mediimi.  The  fresh  cover-glass  preparation  may  be  examined 
at  once,  llie  cover-glasses  are  dried,  fixed,  and  stained  with  LdfiF- 
ler's  methylene-blue.  The  diphtheria  bacilli  are  recognized  by  their 
comparatively  large  size,  by  their  irregular  staining,  and  by  their 
tendency  to  occur  in  clumps.  In  cases  with  any  clinical  symptoms, 
it  is  better  for  purposes  of  treatment  to  regard  all  microorganisms 
having  a  characteristic  appearance  as  true  diphtheria  bacilli,  although 
the  pseudo-diphtheria  bacillus  cannot  be  excluded  with  certainty.  In 
cases  where  it  is  a  question  of  a  carrier,  it  is  best  if  possible  to  differ- 
entiate the  true  from  the  pseudo  type.  This  can  only  be  done  by 
means  of  animal  inoculation. 

DiFFESENTiAL    DIAGNOSIS  OF  Faucial  Difhthekia. — ^While  the 


portant  than  in  faucial  diphtheria. 

The  conditions  to  be  considered  in  differential  diagnosis  are  all 
which  may  cause  obstructive  dyspnea.  The  most  important  are 
acute  laryngitis  {spasmodic  croup,  common  or  false  croup),  retropharyn- 
geal abscess,  and  foreign  body  in  the  larynx.  Occasionally  the  dysp- 
nea from  thjonic  enlargement,  or  pressure  from  enlarged  bronchial 
lymphnodes,  has  led  to  a  suspicion  of  laryngeal  diphtheria,  but  the 
diagnosis  is  usually  clear  from  a  careful  history  of  the  case.  Papil- 
loma of  the  larynx  produces  symptoms  which  come  on  so  much  more 
gradually,  that  it  is  rarely  confused  with  laryngeal  diphtheria. 

In  spasmodic  croup,  the  attack  is  sudden,  usually  occurs  at  night, 
and  is  spasmodic  in  character.  The  voice  is  almost  never  lost.  The 
attack  usually  remits,  and  obstructive  dyspnea  disappears  the  next 
morning.  Rarely  some  dyspnea  may  persist  on  the  day  following 
the  attack,  but  it  is  well  to  treat  any  such  case  as  diphtheria.  .  I'he 
history  of  previous  attacks  points  toward  spasmodic  croup. 

In  the  severe  form  of  acute  catarrhal  laryngitis,  with  dyspnea, 
but  without  spasm,  the  diagnosis  may  be  more  difficult,  especially 
in  the  first  twelve  hours.  Laryngoscopic  examination  will  often 
clearly  differentiate  the  two  conditions,  but  it  is  neither  practicable 
nor  conclusive  in  infants.  The  dyspnea  in  catarrhal  laryngitis  is 
more  likely  to  be  paroxysmal  and  remittent,  and  is  mainly  inspira- 
tory, while  in  laryngeal  diphtheria  it  is  both  inspiratory  and  expira- 
tory, and  increases  steadily.  The  voice  is  usually  not  lost  in  catarrhal 
laryngitis,  and  the  temperature  is  usually  higher  than  in  diphtheria. 
In  cases  in  which  any  doubt  exists,  it  is  best  to  give  antitoxin  at  ooce.. 
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diphtheritic  paralysis  the  prognosis  is  good,  as  they  almost  invariably 
recover.  The  prognosis  in  all  cases  of  diphtheria  is  uncertain  and 
should  be  given  with  caution,  and  no  case  of  diphtheria  should  be 
considered  benign,  for  at  times  in  certain  mild  cases  serious  symp- 
toms may  arise,  and  death  from  heart  failure  is  liable  to  occur  at 
any  stage  of  the  disease.  A  child  who  has  had  diphtheria  is  liable 
to  suffer  from  the  deleterious  effects  of  the  disease  for  months  and 
even  years.  Before  antitoxin  was  used,  the  mortality  from  diphtheria 
in  the  Boston  City  Hospital  was  50  per  cent.  Since  its  use  in  a  series 
of  4500  cases  in  the  diphtheria  wards  of  the  Boston  City  Hospital 
the  mortality  has  been  reduced  to  13  per  cent.,  and  if  the  moribund 
cases,  which  numbered  179,  by  which  are  meant  those  dymg  within 
twenty-four  hours  after  admission  to  the  hospital,  are  deducted  the 
mortality  was  about  10  per  cent. 

PROPHYT.AXIS.— As  diphtheria  is  a  disease  having  the  same 
degree  of  contagiousness  and  the  same  mode  of  transmission  as 
scarlet  fever,  the  measures  of  isolation,  quarantine,  and  disinfection 
employed  in  preventing  the  spread  of  the  disease  are  much  the  same. 
The  diphtheria  patient  should  be  isolated,  with  the  nurse,  and  a 
most  rigid  quarantine  should  be  established,  the  arrangement  and 
management  of  the  sick  room  being  the  same  as  for  scarlet  fever. 
Whenever  such  strict  isolation  and  quarantine  cannot  be  obtsuned 
in  a  private  house,  the  patient  should  be  sent  to  a  diphtheria  hospital. 
The  quarantine  must  be  very  rigidly  enforced  in  the  case  of  the 
nurse  who  cares  for  a  diphtheria  patient,  on  account  of  the  fact  that 
a  healthy  person  may  become  a  carrier  of  virulent  Klebs-L5ffler 
bacilli.  The  nurse  of  a  diphtheria  patient  should  come  in  contact 
with  no  other  person.  Similarly,  no  member  of  the  patient's  family, 
and  no  other  person,  should  be  allowed  within  the  quarantined 
quarters,  unless  such  person  is  prepared  to  submit  to  permanent 
quarantine  with  the  patient. 

The  only  exception  is  the  physician,  who  must  visit  the  patient 
from  time  to  time.  He  should  take  the  most  rigid  precautions  against 
a  possible  contamination  of  his  person  with  infected  material,  wearing 
gown,  cap  and  gloves  as  described  for  scarlet  fever,  and  being  most 
thorough  in  cleansing  his  hands  and  face  after  each  visit.  I  further 
believe  that  every  physician  caring  for  a  case  of  diphtheria  should 
take  frequent  cultures  from  his  own  throat,  in  order  to  make  sure 
that  he  has  not  become  a  carrier. 

The  other  children  in  the  family  in  which  a  case  of  diphtheria  has 
occurred,  should  be  kept  out  of  school,  and  should  not  be  allowed 
to  play  with  other  children.  Cultures  should  be  taken  from  the 
throats  of  every  member  of  the  household,  and  of  every  person  who 
has  been   exposed.     This  is  important  in  detecting  mild  incipient 
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tion,  no  case  of  diphtheria  broke  out  in  the  wards.  At  present  at 
the  Infant's  Hospital  a  routine  Schick  reaction  is  performed  on  every 
case,  and  only  those  not  having  natural  immunity  receive  antitoxin. 

The  length  of  time  during  which  quarantine  should  be  continued 
depends  on  the  results  of  bacteriological  examination.  The  patient 
must  not  be  released  until  the  badlli  have  disappeared  from  the 
mucous  membrane.  This  time  is  very  variable.  In  about  half  the 
cases  the  organisms  disappear  within  three  days  after  the  membrane 
is  gone,  while  in  the  great  majority  of  the  remainii^  cases  they  dis- 
appear within  a  week.  In  certain  individual  cases  they  may  persist 
for  a  much  longer,  indefinite  period,  which  may  reach  many  weeks. 
The  results  of  a  single  culture  should  not  be  taken  as  conclusive.  The 
Boston  Health  Board  requires  three  successive  negative  cultures, 
which  I  believe  to  be  a  wise  rule.  Cultures  should  be  taken  from 
both  the  throat  and  the  nose. 

Many  cases  in  which  the  bacilli  persist  for  a  long  time  are  instances 
of  nasal  diphtheria.  It  has  been  shown  that  in  many  of  these  cases 
the  bacilli  are  non-virulent.  In  healthy  persons  in  whom  positive 
cultures  are  obtained,  the  badlU  may  also  be  non-virulent.  It  has 
been  questioned  whether  the  isolation  of  healthy  carriers,  and  of  cases 
of  nasal  diphtheria  with  continued  positive  cultures,  is  desirable  or 
necessar>'.  It  has  also  been  shown  that  in  many  of  these  cases  of 
nasal  diphtheria  or  of  healthy  carriers  the  bacilli  are  very  virulent. 
Therefore  it  is  better  to  isolate  all  such  cases  unless  the  bacilli  are 
shown  to  be  non-virulent  by  animal  experimentation. 

The  measures  which  are  employed  in  diphtheria  in  the  disinfec- 
tion of  clothing  and  utensils,  are  the  same  as  those  described  for 
scarlet  fever.  Also  the  measures  which  are  taken  upon  the  release 
of  a  child  from  quarantine,  and  in  the  subsequent  disinfection  of  the 
sick  room,  are  in  no  way  different  from  those  used  in  scarlet  fever, 
and  have  already  been  fully  described. 

TREATMENT.  Serum  Therapy.— It  is  in  diphtheria  that  serum 
therapy  has  won  its  greatest  triumph,  and  for  this  reason  the  anti- 
toxin treatment  of  diphtheria  must  first  be  considered.  The  immune 
body  through  which  recovery  from  diphtheria  occurs  is  an  antitoxin, 
which  acts  by  neutralizing  the  toxin  which  causes  the  injurious 
effects  of  the  disease.  The  serum  of  horses  which  have  been  treated 
with  repeated  injections  of  a  filtrate  from  cultures  of  the  Klebs- 
LefSer  bacillus,  contains  a  large  quantity  of  this  immune  body.  The 
antitoxic  power  of  such  serum  is  measurable,  as  the  neutralizing 
action  of  the  immune  body  is  as  defuiite  as  a  chemical  reaction.  The 
unit  of  measure  is  the  amount  of  antitoxin  which  will  protect  a  guinea- 
pig  weighing  250  to  300  grammes  against  one  hundred  times  the  fatal 
dose  of  diphtheria  toxin.    Behring's  original  serum  contained  this 
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The  dose  of  diphtheria  antitoxin. — This  varies  greatly  with  the 
age  of  the  child,  with  the  situation  of  the  lesion,  and  with  the  severity 
of  the  case.    The  initial  dosage  may  be  sunmiarized  as  follows: 

1.  In  mild  cases  of  diphtheria  involving  the  throat  or  nose  alone, 
3,000  to  SiOOO  units. 

2.  In  cases  of  average  severity,  involving  the  throat  alone,  5,000 
to  7,000  units, 

3.  In  severe  cases  of  faucial  diphtheria,  cases  involving  both  the 
throat  and  the  nose,  and  average  cases  of  laryngeal  diphtheria,  7,000 
to  10,000  imits. 

4.  In  malignant  diphtheria  and  severe  cases  of  laryngeal  diph- 
theria, 10,000  to  15,000  units. 

Tn  each  group  enumerated  above,  the  lower  figures  apply  to  yoimger 
children,  and  the  higher  figures  to  older  children. 

Schick  has  recently  done  some  experimental  work  on  the  dosage 
of  diphtheria  antitoxin,  measuring  the  results  by  the  effect  upon  his 
cutaneous  reaction.    He  recommends  the  following  dosage: 

1.  In  mild  cases,  100  units  per  kilogram  of  body  weight, 

2.  In  severe  cases,  500  units  per  kilogram  of  body  weight. 

The  injection  of  serum  should  produce  a  noticeable  and  continued 
beneficial  eflect.  If  after  eight  hours  such  an  effect  is  not  seen, 
or  if  at  any  time  this  improvement  ceases,  the  injection  of  anti- 
toxin should  be  repeated. 

The  method  of  administering  antitoxin  serum  in  diphtheria. — The 
serum  was  formerly  injected  into  the  subcutaneous  cellular  tissue, 
the  seat  of  the  injection  being  of  no  particular  importance.  It  has 
been  shown  that  absorption  from  muscular  tissue  takes  place  much 
more  rapidly  than  from  the  subcutaneous  tissue,  and  that  intra- 
muscular injections  are  less  painful.  Consequently,  as  a  routine, 
intramuscular  injections  should  be  used.  The  preferable  points  for  the 
injection  are  either  the  muscles  of  the  outer  side  of  the  thigh  or  the 
muscles  of  the  gluteal  region.  The  skin  should  be  thoroughly  cleansed 
with  water  and  alcohol,  and  the  needle  and  syringe  should  be  boiled. 

Animal  experimentation  has  shown  that  the  intravenous  injection 
of  antitoxin  produces  a  much  more  rapid  effect  than  intramuscular 
injection.  The  intravenous  route  has  been  more  and  more  used  of 
late,  and  the  most  favorable  results  have  been  repwrted.  I  believe 
that  intravenous  injection  should  be  employed  in  all  very  severe 
cases,  in  which  the  serious  condition  of  the  patient  demands  a  rapid 
effect.  The  ease  with  which  intravenous  medication  can  be  used  in 
infants,  in  whom  the  open  fontanelle  gives  ready  access  to  the  longi- 
tudinal sinus,  has  led  me  to  adopt  the  intravenous  method  of  injec- 
tion in  all  severe  cases  in  infants. 

The  beneficial  effects  of  serum  therapy. — In  diphtheria  treated  with 
antitoxin,  the  signs  of  the  favorable  action  of  the  serum  are  unmis- 
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Table  45 
Mortality  in  Strum-treattd  Cases  af  Diphtheria,  Actordiitg  to  the  Time  of  Injection 

TIME  or  INJECTION                                                                                         IIORTALTTY 
1st   day 4.3% 

ind  day 7-6% 

3rd  day 147% 

4th  day '9-7% 

Sth  day 3' -6% 

6th  day 31,3% 

After  eth  day 31.6% 

Untoward  effects  of  serum  therapy;  serum  sickness.— "Wita  one 
injects  into  an  animal  organism  the  serum  of  a  foreign  species,  there 
may  occur  a  reaction  which  causes  pathological  symptoms.  These 
are  in  no  way  due  to  the  specific  antibodies  contained  in  the  serum, 
and  are  seen  in  any  form  of  serum  therapy,  but  as  horse  serum  is 
used  more  in  diphtheria  than  in  any  other  disease,  these  manifesta- 
tions of  serum  reaction  are  best  described  in  this  place.  The  symp- 
toms are  not  seen  in  every  patient,  but  only  in  about  10  to  20  per 
cent,  and  appear  to  depend  upon  some  constitutional  peculiarity. 
Some  individuals  will  always  show  a  serum  reaction,  even  when 
serum  from  different  horses  is  used.  On  the  other  hand,  the  serum 
from  a  particular  horse  will  sometimes  produce  a  reaction  in  every 
patient,  while  the  same  patients  do  not  react  to  the  serum  from 
another  horse. 

In  susceptible  individuals,  there  appears  in  the  days  after  the 
injection  of  serum  a  swelling  and  sensitiveness  to  pressure  of  the 
lymphnodes  which  drain  the  site  of  the  injection.  This  may  persist 
two  or  three  weeks.  The  commonest  clinical  manifestation  is  the 
exantkem,  or  serum  rash,  which  belongs  in  the  class  of  toxic  erythemata. 
The  serum  rash  appears  usually  from  the  seventh  to  the  twelfth  day 
after  the  injection.  It  begins  ordinarily  at  the  site  of  the  injection, 
and  may  remain  limited  to  this  area,  but  more  commonly  spreads 
with  an  irregular  distribution  over  the  entire  body.  The  commonest 
appearance  is  an  urticaria-like  erythema,  with  very  large  irregular 
areas.  There  may  be  smaller  areas  of  erythema  in  between,  with 
spots  resembling  those  of  measles.  Scarlatiniform  eruptions  are  also 
seen  at  times,  but  are  rare,  as  are  hemorrhagic  lesions.  Itching  is 
usually  severe.  Fever  may  accompany  a  serum  rash,  and  may  last 
several  days.  Malaise  and  pain  in  the  joints  are  seen  at  times. 
During  serum  sickness  there  is  usually  a  pronounced  diminution  in 
the  white  blood  count,  the  leukopenia  being  due  to  a  drop  in  the 
number  of  polymorphonuclear  cells.  At  times  precipitins  for  horse 
serum  can  be  demonstrated  in  the  serum  of  the  patient. 

The  diagnosis  of  a  serum  rash  depends  mainly  on  the  history 
that  horse  serum  has  been  injected.  The  itching,  the  irregularities 
in  the  character  and  distribution  of  the  eruption,  and  the  fact  that 
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danger  if  a  subsequent  therapeutic  dose  ever  became  necessary.  In 
my  opinion  the  danger  from  anaphylaxis  is  too  slight  to  counter- 
balance the  advantage  to  be  derived  from  immunizing  injections  of 
antitoxin.  The  routine  practice  at  both  the  Children's  and  Infant's 
Hospitals  for  years  was  to  give  an  immunizing  dose  to  every  patient 
admitted,  and  to  repeat  the  injection  every  three  weeks  as  long  as 
the  child  remained  in  the  hospital.  Instances  of  severe  anaphylactic 
manifestations  have  been  exceedingly  rare.  Immunizing  injections, 
however,  should  never  be  given  to  asthmatics.  Furthermore,  in 
children  the  use  of  the  Schick  reaction  has  greatly  reduced  the  num- 
ber of  cases  in  which  immunizing  antitoxin  injections  are  indicated. 

General  Measures  in  Diphtheria. — The  general  measures  of 
nursing  and  hygiene  which  are  used  in  any  severe  acute  illness,  are 
applicable  to  diphtheria.  Fresh  air  and  sunlight  arc  particularly 
important.  Diphtheria  patients  should  be  kept  in  bed  throughout 
the  entire  attadt,  and  for  a  longer  period  during  convalescence  than 
is  required  after  any  other  acute  illness  of  the  same  comparatively 
short  duration.  As  long  as  there  are  any  signs  of  cardiac  weakness, 
as  long  as  the  child  has  not  regained  its  strength,  absolute  rest  in  bed 
should  be  continued,  even  though  fever  and  local  symptoms  have 
been  gone  for  weeks.  The  child  must  be  got  out  of  bed  gradually, 
the  heart  being  carefully  watched. 

The  nutrition  of  diphtheria  patients  is  often  a  matter  of  consider- 
able diflBculty.  Anorexia  is  frequently  extreme,  both  on  account  of 
the  pain  on  swallowing,  and  on  account  of  the  septic  condition  of 
the  child  and  the  ease  with  which  vomiting  is  produced.  Milk  is 
the  main  reliance;  it  should  not  be  diluted  unless  distinct  symptoms 
of  indigestion  are  produced.  Cereal  gruels  may  be  given  to  older 
children.  Fresh  fruit  juices  are  often  better  taken  than  water,  and 
plenty  of  fluid  is  required.  In  severe  and  protracted  cases,  beef  juice 
should  be  added  to  the  diet.  As  convalescence  comes  on,  zwieback 
scraped  beef,  bread,  eggs,  and  so  forth,  are  gradually  added,  till  the 
child  returns  to  its  normal  diet.  Breast-fed  infants  with  diphtheria 
should  not  be  put  to  the  breast,  but  should  be  fed  with  breast-milk 
obtained  with  the  breast-punip. 

When  anorexia  is  very  severe,  it  is  sometimes  better  to  give  nour- 
ishment in  small  amounts  more  frequently;  but  it  is  better  not  to 
disturb  the  child  oftener  than  every  two  hours.  In  obstinate  cases, 
it  is  necessary  to  resort  to  gavage. 

In  children  who  have  been  intubed,  or  who  have  post-diphtheritic 
paralysis,  the  swallowing  of  fluids  is  often  more  difficult  than  that 
of  foods  of  more  solid  consistency.  In  such  cases  junket,  milk  toast 
and  jellies  are  useful. 

StimiUation. — Owing  to  the  action  of  the  diphtheria  toxin  upon 
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the  circulatory  system,  stimulants  are  frequently  required.    The  indi 
cations  for  stimulation  arc  a  very  rapid,  feeble,  or  intermittent  puis 
a  weak  first  heart  sound,  and  marked  prostration.    The  stimulan : 
which  have  formerly  been  most  widely  recommended  in  diphther . 
are  alcohol  and  strychnine.    As  a  result  both  of  cUnical  exptcrien 
with  these  drugs,  and  of  recent  experimental  work  upon  their  acti  i 
as  circulatory  stimulants,  I  have  given  up  their  use  in  the  act 
stage  of  diphtheria.    Much  better  are  the  drugs  whose  value  as  ( 
culatory  stimulants  has  been  adequately  proven,  namely,  cajjei  ■■. 
camphor  and  digitalis.    In  the  acute  stage,  the  best  routine  stir    i 
lant  is  caffeine-sodium  benzoate  or  salicylate,  given  in  doses  sui    i 
to  the  age  of  the  patient.    (See  Division  II.)    Digitalis  is  useful  w'    i 
cardiac  weakness  persists  after  the  acute  stage.    Camphor  in  oi 
indicated  in  sudden  threat  of  cardiac  failure.    In  severe  colli 
with  cold  extremities  and  cyanosis,  due  to  vaso-motor  paral; 
adrenalin  is  useful.    /Vlcohol  is  most  useful  in  cases  where  nutri     i 
is  difficult  and  prostration  prolonged.     Strychnine  in  small  reg 
doses  three  times  a  day  should  be  used  in  the  treatment  of  ) 
diphtheritic  paralysis. 

There   are   few  other  symptoms   beside   circulatory  wcaknei       i 
diphtheria  which  require  internal  medication.    The  giving  of  i 
is  disturbing  to  the  child,  no  drug  influences  the  course  of  the  di.' 
and  all  drugs  should  be  avoided  except  necessary  stimulants. 

Local  Treatment. — Since  the  introduction  of  serum  therap; 
local  treatment  of  diphtheria  has  retired  into  the  background. 
painting  and  spraying  of   the  throat,  which  was  formerly  r         i 
mended,  is  bad  practice,  and  can  do  harm.     Local  treatment  s 
not  be  entirely  abandoned,  but  its  benefits  are  not  great  enoi         i 
warrant  its  use  when  it  encounters  marked  resistance  on  the  f  i 

the  child,  as  the  exhaustion  caused  by  resistance  is  more  h;  i 

than  any  condition  which  local  treatment  can  remedy. 

The  mouth  can  usually  be  kept  clean  by  alkaline  washes,  w 
causing  resistance.     Older  children  can  often  gargle  the  throE  I 

a  solution  of  boric  acid,  or  Dobell's,  or  Seller's  solution,  or  i 

one  per  cent  solution  of  hydrogen  peroxide.     In  younger  c  i 

the  same  solutions  can  be  used  for  syringing  the  mouth  and 
unless  this  causes  great  resistance.     I  do  not  believe  in  s)  | 

through  the  nose  in  diphtheria.     Even  in  septic  cases  with  a  i 

fetid  discharge,  nasal  sj-ringing  should  only  be  used  in  exo 
cases.  In  nasal  diphtheria  one  should  rely  mainly  on  serum  I 
and  should  rest  content  with  removing  as  much  secretion  as  i 

with  a  cotton  stick,  and  with  protecting  the  upper  lip  wit! 
or  some  other  simple  salve. 

For  the  painful  swelling  of  the  cervical  lymphnodes. 
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should  never  be  employed.      The  application  of  co 
the  ice  bag  is  indicated  in  such  cases. 

Convalescence. — This  is  slow  aiier  a  ^^'^^  patien 
No  matter  how  rapid    the  apparent  recover''  ^^^^ 

aUowed  out  of  bed  for  at  least  a  week  ^^V.^,,  ^atche 
the  membrane.  The  heart  shou7d  be  care  ^^  fg  dicrot 
pulse  remains  abnormally  rapid,  slow,  or  ^^^'j^^j-t  sounfl 
mittent,  if  there  is  aJiy  weakness  of  the  ^"j^^jjj  inegul^' 
recumbency  in  bed  must  be  continued-  ^  ^"^  ^^^  j-hild 
cardiac  rhythm  is  not  a  contraindication  ^^  ^^j/gc  wef 
getting  about,  provided  that  no  other  ^^"^j^phtheritic 
present.  The  appearance  of  the  typical  pos  ^^  ^  ,^ 
also  does  not  require  the  child  to  be  kep  .^  ghouli 

child   does  not   regain   its  fuli  general    streng     . 
kept  in  bed.  .    jj^^i^d  in  conv 

Iron,  and  other  tonics  are  sometimes  lO 
for  anemia  or  malnutrition.  .    .  -     ^u     throat  is  occ; 

The  persistence  of  diphtheria  bacilli  m  l^^gtlmes  posi 
an  annoying  feature  of  the  '^0"^^^^**^°'^^ -w  Aas  become  fu 
tures  continue  to  be  obtained  after  the  c  gyarantine.  T! 
valescent,  and  this  prevents  release  "°"\  7t  „„f,  tie  nos 
means  of  getUng  rid  of  the  bacilli  is  *°  .^^""f'.d  enough  sbouJd 
or  four  times  daily,  and  in  addiUon,  cluldten  oW  eW  ^^ 

frequently.     Simple   salt    soludon.    ^^^^if  U '£^S;t.V''' 
solution  should  be  used.      It  is  doubtful  if  the  tHi^^t 
bichloride  of  mercury  (i     to  10,000)    someUmes  recommendea, 
any  real  antiseptic  value - 

lEEATMENT   OF   LARYNGEAL  DiPHTHEElA.-In  the  «"!?  StS^ 

laryngeal  diphtheria,  before  obstruction  has  become  maruea, 
physician,  while  waiting  f<:>r  serum  therapy  to  produce  its  efiffi. 
try  local  measures  before  i-esorti'ng  to  operative  treatment.  - 
pack  is  sometimes  useful.  Hot  fomentations  should  be  appliea 
the  region  of  the  larynx.  The  use  of  steam  by  means  of  the  en 
kettle  and  bed  tent,  asemp/oyed  in  coinnion  croup,  maybe fned.  ' 
emetic  dose  of  ipwcac  may  be  given,  as  for  common  croup.  ' 
opiates,  however,  should  be  avoided. 

If  in  spile  of  these  measures,  the  obstruction  shows  a  lendenf 
to  increase,  the  physician  must  be  prepared  to  resort  to  operaliv 
interference.  No  hard  and  fast  rule  can  be  laid  down  as  to  H'hci 
operation  is  indicated.  More  harm  bas  been  done  by  waiting  ta 
long  than  by  operating  too  eariy.  One  should  never  wail  for  thi 
appearance  of  cyanosis,  as  this  sign  is  a  precursor  oi  death,  li 
gereral  «ben  the  obstrucUon  _.s  mcreasing,  and  has  resulted  in  marke. 
Lpraclaviculat  and  epigastr.c    -n.piratory    retraction,  or  it  the  ob 


/ 


Diphtheria  553 

structed  breathing  appears  to  be  exhausting  to  the  patient,  or  if  there 
is  any  tendency  toward  somnolence  or  toward  sufFocative  attacks, 
interference  should  not  be  longer  deferred.  Some  German  writers 
state  that  the  moment  for  interference  can  be  definitely  fixed  at  the 
time  when  the  stemo-cleido-mastoid  muscles  are  brought  into  action 
as  auxiliary  muscles  of  respiration,  the  contraction  with  inspiration 
being  detected  by  palpation. 

WTien  operative  interference  becomes  indicated,  the  question  which 
formerly  had  to  be  decided  was  whether  to  use  inlubation  or  tracheo- 
tomy. It  is  now  generally  recognized  that  intubation  is  the  best 
primary  operation  for  the  relief  of  membranous  laryngitis,  tracheo- 
tomy being  reserved  for  those  cases  in  wliich  for  some  reason  intuba- 
tion fails.  The  drawbacks  to  intubation  are  annoyances  rather  than 
real  evils;  the  most  conspicuous  occasional  troubles  being  obstinate 
difficulty  in  swallowing,  repeated  coughing  up  of  the  tube  and  ulcera- 
tions from  pressure.  The  drawbacks  to  tracheotomy  are  the  neces- 
sity of  narcosis  and  trained  assistance,  the  danger  from  hemorrhage 
and  wound  infection,  the  long  period  before  the  canula  can  be  removed, 
and  the  frequency  of  sequelae  such  as  disturbance  of  voice,  decubtus, 
and  tracheal  stenosis. 

INTUBATION 

Intubation  is  the  introduction  through  the  mouth  into  the  larynx 
of  a  tube  of  special  construction.  The  instruments  and  technique 
were  devised  by  Dr.  Joseph  O'Dwyer  of  New  York,  and  were  so  per- 
fected by  him,  that  practically  no  improvements  have  since  been 
added. 

An  intubation  set  consists  of  seven  tubes  of  graded  sizes,  an  intro- 
ductor,  an  extractor,  a  mouth-gag  and  a  gauge.  The  tube  is  selected 
according  to  the  age  of  the  patient,  as  indicated  on  the  gauge.  A 
large  child  often  requires  a  larger  tube  than  the  one  called  for  by 
its  age. 

Technique  of  Intubation. —The  patient  is  wrapped  firmly  in 
a  blanket,  so  that  he  cannot  move  his  arms,  and  then  placed  in  a 
horizontal  position,  with  the  head  slightly  raised  The  mouth  is 
held  open  by  the  gag,  with  its  Jaws  resting  on  the  molar  teeth.  The 
gag  should  be  on  the  left  side.  Care  must  be  taken  not  to  have  the 
cheek  injured  by  the  gag,  and  special  pains  must  be  taken  to  prevent 
its  slipping.  The  head  should  be  steadied  by  the  assistant  who  holds 
the  gag.  The  operator  takes  the  introductor  carrying  the  tube  in 
the  right  hand  with  the  index-finger  around  the  hook  on  the  under 
surface  of  the  handle,  the  loop  of  silk  passing  over  his  little  finger, 
and  his  thumb  resting  on  the  button  on  the  upper  surface  of  the 
handle.  The  index-finger  of  the  left  hand  is  then  passed  down  to 
the  epiglottis,  which  is  hooked  forward.    The  finger  on  entering  the 
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pharynx  is  brought  forward  until  it  encounters  the  upper  border  of 
the  cricoid  cartilage  which  is  felt  as  a  hard  nodule,  and  is  a  useful 
landmark.  The  epiglottis  lies  immediately  in  front,  and  should  be 
drawn  strongly  forward.  The  tube  is  now  introduced  into  the  mouth, 
the  handle  of  the  introductor  being  well  down  on  the  chest  of  the 
patient.  The  tube  is  kept  vertical  in  the  middle  line,  and  its  tip  is 
passed  down  the  radial  side  of  the  left  index-finger  which  serves  as 
a  guide,  the  handle  of  the  introductor  being  raised  to  permit  the  tube 
to  follow  the  course  of  the  finger.  When  the  tip  of  the  tube  approaches 
the  tip  of  the  finger,  the  operator  moves  the  finger  slightly  toward 
his  left  while  still  maintaining  the  forward  pressure  on  the  epiglottis 
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and  tongue,  and  raises  the  handle  of  the  introductor  to  a  vertical 
position,  which  allows  the  tip  of  the  tube,  still  following  the  radial 
side  of  the  finger,  to  enter  the  opening  of  the  larynx.  It  is  best  to 
choose  for  this  moment  of  introduction,  an  inspiratory  effort  on  the 
part  of  the  child,  as  at  such  a  time  the  glottis  opens  most  widely. 
When  the  tube  has  entered  for  about  one-third  of  its  length,  the 
operator  should  feel  around  it  rapidly  with  the  left  index-finger,  in 
order  to  be  sure  that  it  is  in  the  proper  position.  If  it  has  entered 
properly,  it  will  be  closely  surrounded  by  a  ring  of  soft  tissue.    The 
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It  cannot  be  overemphasized,  that  very  little  force  is  required  for 
the  passage  of  the  tul>e  into  the  larynx,  no  more  than  is  used  in  the 
passage  of  a  catheter  through  the  urethra  into  the  bladder.  The 
operation  must  be  performed  quickly,  as  sometimes  the  holding  of 
the  mouth  open  with  the  gag  will  cause  a  cessation  of  respiration. 
The  entire  manipulation  can  be  completed  in  a  very  few  seconds 

The  most  common  mistake  made  in  intubation  is  the  passage  of 
the  tube  into  the  esophagus  instead  of  into  the  larynx.  This  is 
recognized  by  the  following  facts:  The  finger  in  the  pharynx  does 
not  find  the  posterior  wall  of  the  larynx  between  it  and  the  tube;  the 
tube  can  be  pushed  down  indefinitely,  instead  of  coming  to  a  point 
where  it  can  be  pushed  no  farther  down  without  depression  of  the 
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whole  larynx,  and  it  may  continue  to  pass  downward  as  shown  by 
shortening  of  the  silk  loop;  the  hissing  breathing,  paroxysm  of  cough- 
ing, and  relief  of  dyspnea  do  not  occur.  When  these  signs  show  that 
the  tube  has  been  passed  into  the  esophagus,  it  is  withdrawn  by  means 
of  the  silk  loop,  and  after  a  few  minutes  a  second  more  careful  attempt 
is  made. 

False  passages  are  sometimes  made,  the  tip  of  the  tube  going  into 
one  of  the  ventricles  of  the  larynx.  It  can  be  pushed  quite  through 
into  the  cellular  tissue,  but  this  would  only  happen  from  the  use  of 
the  most  brutal  force.    The  cause  of  the  tube  entering  the  ventricle 
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The  sudden  blocking  of  the  tube  with  membrane  loosened  from  the 
trachea  or  bronchi  may  occur  at  any  time  after  the  introduction  of 
the  tube.  This  is  ordinarily  not  serious,  as  the  usual  result  is  the  im- 
mediate expulsion  of  the  tube  by  coughing,  foUowed  by  the  discharge 
of  the  loose  membrane.  No  definite  rule  can  be  given  regarding  the 
length  of  time  that  the  patient  should  wear  the  tube.  It  is  well  to 
remove  it  at  the  end  of  the  third  or  fourth  day,  but  it  is  frequently 
necessary  to  reinsert  it.  In  some  instances  three  or  four  extractions 
and  introductions  may  be  required.  The  most  favorable  cases  are 
those  in  which  the  child  coughs  up  the  tube  at  the  end  of  the  third 
day,  and  does  not  require  reintubation. 

Fic.  Ill 


Intubation.     Withdrawing  the  lulie 

Removal  of  the  Tube. — The  first  steps  of  an  extraction  are  simi- 
lar to  those  of  an  introduction.  The  extractor  is  passed  into  the 
lumen  of  the  tube  and  the  lever  on  the  handle  pressed  so  as  to  open 
the  jaws  of  the  instrument,  and  the  tube  extracted  by  a  reverse  of 
the  movements  used  in  introduction.  Sometimes  there  is  consider- 
able difficulty  in  extraction,  but  by  patience  and  gentleness  the  end 
can  be  accomplished. 

After  a  tentative  removal  of  the  tube  the  child  must  be  carefully 
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I.  Active  immunization.  2.  The  dosage  and  mode  of  administra- 
tion of  antitoxin.  3.  The  relation  of  the  toxins  to  diphtheritic  para- 
'lysis.  4.  The  mechanism  of  circulatory  failure.  5.  The  treatment  of 
diphtheria  carriers. 

Active  Immunization. — It  has  been  known  for  many  years  that 
a  vaccine  composed  of  a  mixture  of  toxin  and  antitoxin  .could  be  used 
to  produce  an  active  immunity  in  animals.  Von  Behring  began  ex- 
perimenting with  the  use  of  toxin-antitoxin  mixtures  in  immunizing 
children  in  1912,  publishing  his  report  in  1913.  Since  then  a  number 
of  studies  have  been  made,  the  observations  of  the  different  observ- 
ers not  being  uniform.  The  results  of  many  of  the  investigations 
have  been  Judged  only  by  the  percentage  of  exposed  cases  which 
acquired  the  disease,  and  this  is  a  very  unreliable  method  of  esti- 
mating the  results.  Park,  Zlngher  and  Serota  have  reported  their 
experiences  in  producing  active  immunity  by  this  method,  controlling 
their  results  by  determining  the  antitoxin  content  of  the  blood  before 
and  after  injections  of  vaccine.  The  antitoxin  content  was  estimated 
both  by  RQmer's  intracutaneous  method  and  by  means  of  the  Schick 
reaction.  They  found  that  in  susceptible  j)ersons,  active  immunity 
may  be  produced  after  a  period  of  from  two  to  six  weeks.  Persons 
already  immune  through  having  a  supply  of  natural  antitoxin  in  the 
blood,  showed  a  decided  increase  in  the  antitoxin  content  as  a  result 
of  the  injection  in  a  relatively  short  time,  but  of  course  such  patients 
do  not  require  active  immunization.  Of  the  remainder,  those  not 
showing  natural  immunity,  less  than  25  per  cent  reacted  to  the  diph- 
theria toxin  and  antitoxin  mixtures  to  a  sufficient  degree  to  be  thor- 
oughly immunized.  Of  the  75  per  cent  which  could  not  be  perfecUy 
immunized,  only  20  per  cent  of  the  exposed  contracted  the  disease.  It 
would  seem  therefore  from  the  results  of  these  studies,  that  the  use 
of  toxin-antitoxin  injections  is  not  certain  enough  to  supersede  passive 
immunization.  The  matter  stands  at  present  about  as  it  did  before, 
namely,  that  the  Schick  reaction  should  be  used  to  determine  im- 
munity, and  that  every  exposed  patient  having  a  positive  reaction 
should  receive  an  immunizing  dose  of  serum. 

The  Dosage  of  Antitoxin. — Most  of  the  work  on  this  subject 
has  been  devoted  to  demonstrating  the  superior  value  of  massive 
doses.  Most  of  the  evidence  used  in  support  of  this  contention  is 
in  the  form  of  mortality  statistics,  which  are  of  course  very  unreliable 
as  proof.  It  is  generally  agreed  that  the  object  of  treatment  is  to 
give  a  sufficient  amount  of  antitoxin  to  neutralize  the  toxin  in  the 
body.  Schick,  Kassowitz  and  Busacchi,  as  a  result  of  their  experi- 
ments, believe  that  it  is  possible  to  calculate  the  amount  of  antitoxin 
needed  according  to  the  body  weight  of  the  individual  to  whom  it 
is  to  be  given.    AH  of  this  work  emphasizes  the  importance  of  early 
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injections.  It  has  been  dearly  shown  that  the  absorption  of  anti- 
toxin, whether  the  serum  be  injected  subcutaneously  or  intramuscu- 
larly, is  slow.  The  most  valuable  suggestion  of  the  last  few  years 
has  been  the  use  of  the  intravenous  route  in  injecting  diphtheria  anti- 
toxin, and  the  superior  value  of  this  method  of  injection  has  been 
demonstrated  experimentally. 

The  Relation  of  Toxins  to  Diphtheritic  Paralysis.— The 
theory  of  Erlich  that  the  paralysis  is  caused  by  the  toxone,  while  the 
general  poisoning  is  caused  by  the  toxin,  has  been  supported  by  recent 
work.  It  has  been  shown  that  there  is  no  relation  between  the  size 
of  the  dose  of  toxin  necessary  to  produce  death  and  that  which  pro- 
duces paralysis.  Apparently  the  power  of  diphtheria  toxin  to  pro- 
duce paralysis  and  to  produce  death,  are  distinct  features.  It  has  also 
been  demonstrated  again  that  antitoxin  never  causes  paralysis  per  se. 
The  apparent  increase  of  the  number  of  cases  of  post-diphtheritic 
paralysis  since  the  introduction  of  antitoxin  is  due  to  the  decreased 
mortality  of  diphtheria,  which  allows  many  severe  cases  which  would 
formerly  have  died  and  which  are  most  likely  to  have  paralysis,  to 
live.  Recent  work  has  also  shown  that  the  use  of  antitoxin  when 
given  early  enough,  tends  to  prevent  paralysis.  The  superior  value 
of  the  intravenous  route  was  also  clearly  shown  in  these  experiments. 

Mechanism  of  the  Circulatory  Failure  in  Diphtheria. — In 
all  the  fatal  acute  infections,  this  subject  is  receiving  considerable 
study  at  the  present  day.  It  is  known  that  in  most  of  the  acute  in- 
fections the  phenomena  which  precede  death  closely  resemble  those 
seen  in  surgical  shock,  and  they  have  been  attributed  to  vasomotor 
paralysis.  In  diphtheria,  however,  the  symptoms  have  been  almost 
exclusively  attributed  to  the  action  of  the  toxin,  either  on  the  heart 
muscle  itself,  or  on  the  nervous  mechanism  governing  the  action  of 
the  heart.  Hardly  more  than  a  beginning  has  been  made  in  these 
studies,  but  much  will  probably  appear  in  the  course  of  the  next  few 
years.  Some  recent  work  of  MacCallum  tends  to  show  that  the  death 
which  occurs  in  the  height  of  an  attack  of  diphtheria  is  not  exclusively 
the  result  of  direct  injury  to  the  heart. 

The  Treatment  of  Carriers. — The  best  means  of  getting  rid  of 
the  bacilli  in  the  throats  of  diphtheria  carriers  is  an  important  matter, 
and  has  been  the  subject  of  many  suggestions.  Up  to  the  present 
time,  no  very  effectual  method  which  is  not  objectionable  in  some 
way  or  another,  has  been  found.  It  ts  probable  that  this  question 
will  be  the  subject  of  much  further  study.  Among  recent  sugges- 
dons  there  is  one  of  Miller,  which  recommends  spraying  the  throat 
with  a  solution  varying  in  strength  from  }4  to  i  per  cent  of  the  usual 
40  per  cent  formaldehyde  solution.  Another  method  which  has 
been  reported  to  have  given  good  results  is  the  spraying  of  the  throat 
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very  great,  being  comparable  with  that  toward  measles  and  vari- 
cella. There  is  no  evidence  of  any  natural  or  constitutional  immunity 
at  any  age.  Given  sufficient  exposure,  children  who  have  not  had 
the  disease  are  practically  certain  to  acquire  it. 

This  susceptibility  is  seen  at  every  period  of  life.  Whooping-cough 
occurs  most  often  in  the  first  three  years  of  hfe.  It  is  somewhat  less 
common  in  the  first  year  than  in  the  next  two  years,  but  in  no  other 
specific  infection  is  infancy  so  susceptible  as  in  whooping-cough.  The 
disease  is  often  seen  in  the  earliest  months  of  infancy,  sometimes  in 
the  earliest  weeks.  It  has  been  described  in  newborn  infants  whose 
mothers  had  the  disease.  It  is  probable  that  there  is  no  inherited 
immunity  which  protects  children  in  the  first  year,  such  as  is  seen 
in  other  contagious  diseases.  The  lesser  frequency  of  whooping-cough 
in  the  first  year  is  to  be  explained,  not  by  a  lesser  susceptibility,  but 
by  the  fact  that  young  infants  are  better  isolated  and  protected  from 
exposure,  and  that  many,  being  first  babies,  do  not  encounter  exposure 
at  all. 

Whooping-cough  continues  to  be  comparatively  common  through 
childhood,  the  frequency  growing  less  with  increasing  age.  It  is  rare 
in  adults.  These  phenomena  are,  however,  not  due  to  a  progressive 
decrease  in  susceptibihty,  but  to  the  fact  that  in  so  highly  contagious 
a  disease  immunity  is  acquired  early  in  life. 

Constitutional  peculiarities  have  no  real  influence  on  the  suscepti- 
bility toward  whooping-cough,  except  that  girls  appear  to  be  more 
susceptible  than  boys.  It  is  often  stated  that  children  liable  to 
catarrhal  affections  of  the  respiratory  tract  are  more  susceptible. 
This  cannot  be  proven,  because  all  children  are  so  susceptible  any- 
way. Neurotic  and  spasmophilic  children  are  not  more  susceptible 
to  infection,  but  in  them  the  paroxysms  are  apt  to  be  more  severe 
and  the  disease  to  last  longer.  Debilitated  diildren  with  low  re- 
sistance show  the  influence  of  constitutional  peculiarity  in  the  liabil- 
ity toward  complications. 

EproEMiOLOGY. — As  in  most  of  the  more  highly  contagious  dis- 
eases, the  frequency  and  severity  of  recognizable  epidemics  depends 
on  the  peculation  of  the  place.  Epidemics  are  only  seen  in  small  or 
isolated  communities.  In  the  large  centers  of  population  whooping- 
cough  is  present  at  all  times  and  so  large  a  proportion  of  the  popula- 
tion are  immunized  that  epidemics  do  not  occur. 

The  disease  is  somewhat  commoner  in  the  winter  and  spring  than 
in  warm  weather.  This  may  be  due  to  the  greater  prevalence  of 
respiratory  affections. 

Immunity. — An  attack  of  whooping-cough  confers  a  high  degree 
of  immunity,  so  that  second  attacks  are  rare.  They  are  seen  at 
times,  however,  and  are  rather  more  frequent  than  in  the  exanthe- 
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less  than  a  week,  or  not  lor  four  weeks  In  the 
some  cases  there  may  be  a  sUgbt  nse  of  tempe/-^ 
stage  the  disease  cannot  be  diSetentiated  from  an 
whooping-cough  can  only  be  suspected  when  there 
exposure.  A  few  cases,  which  subsequently  are  rec 
ing-cough  by  transmitting  the  disease,  never  ahow 
toms,  but  pass  through  the  disease  uareco^mzed 
however,  the  cough  becomes  more  violent.  The 
be  suspected  at  this  time  because  the  cough  begins 
or  less  regular  intervals  by  night  as  well  as  by  da 
ordinary  means  of  treatment,  and  also  because  in  sp^ 
of  the  cough,  no  r&les  are  heard  on  auscuJtation  of  I 
The  Spasmodic  Stage. — The  transition  from  the 
spasmodic  stage  is  gradual.  The  cough  becomes  le 
more  violent.  The  attacks  of  coughing  become  pai 
occur  at  more  or  less  regular  intervals,  the  chjJd  bei'i 
from  cough  in  between.  These  attacks,  sometimes 
times  more  gradually,  develop  into  the  typical  whoop 
oxysms. 

The  child  often  experiences  premonitory  symptoms, 
ling  in  the  throat,  an  oppression  in  the  chest,  or  a  ger 
anxiety.  These  cause  restlessness,  the  child  runs  to 
holds  itself  fixed  on  its  chair.  Then,  after  a  deep  insp 
a  succession  of  forcible  expiratory  coughs,  occurring  m  r 
without  any  inspiration  occurring  between  them.  Dun 
xysm  the  face  becomes  red,  the  conjunctivae  become  ci 
the  tongue  protrudes  from  the  mouth.  Finally  there  c 
drawn  crowing  inspiration,  in  which  the  air  is  drawn 
spasmodically  contracted  glottis,  causing  the  peculiar 
attack  is,  however,  usually  not  ended  with  this  occuri 
immediately  repeated,  and  this  may  occur  a  number  ol  t 
each  repetition  the  lips  and  tongue  become  more  and  mi 
In  severe  cases,  the  eyes  protrude,  cyanosis  becomes  vi 
and  the  child  looks  as  though  it  would  die  of  asphyxia, 
usually  ends  with  the  expulsion  of  a  little  tenacious  muci 
older  children  trickles  out  of  the  mouth,  and  in  young  ch 
stays  in  the  larynx.  With  the  expulsion  of  this  mucus,  vi 
quently  occurs,  especially  after  the  severer  paroxysn 
older  children  recover  rapidly  from  the  attack,  and  often  ir 
resume  their  interrupted  play.  Weak  children  and  young 
left  exhausted  and  bathed  in  sweat,  and  require  more  ti'mefoi 
The  number  and  severity  of  the  attacks  show  the  widest 
in  different  cases.  Some  children  have  only  four  or  five  ii 
four  hours,  while  others  may  have  thirty,  forty,  or  fifty.    Thi 
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of  the  single  attack  also  varies  widely;  sometimes  the  ] 
cough  and  whoop  are  only  repeated  two  or  three  times,  \ 
times  they  may  be  repeated  ten  times  or  more.  It  is  to  bi 
that  these  variations  are  seen  not  only  in  different  child 
in  an  individual  case,  a  fact  which  must  be  remembered 
the  value  of  any  method  of  treatment. 

The  duration  of  the  spasmodic  stage  is  also  very  va 
usually  three  or  four  weeks,  or  even  more,  but  may  be 

The  lungs  in  uncomplicated  cases  are  normal  to  aust 
percussion.  There  may  occasionally  be  a  few  coarse  br 
which  disappear  temporarily  after  a  paroxysm.  In  infi 
puhnonary  emphysema  may  develop  during  the  spas 


Pertussis  during  paroxysm.     Female,  4  years  old 

The  Stage  of  Decline. — The  paroxysms  become  i 
quent,  then  less  severe.  Vomiting  ceases.  Finally  th( 
rarely  occurs,  and  has  lost  its  typical  character.  A  sim 
cough  may,  however,  persist  for  a  number  of  weeks  Ion 

The  duration  of  the  entire  disease  is  variable;  in  ave 
is  from  six  to  ten  weeks,  but  may  be  three  or  four  moi 
uncomplicated  cases.  A  certain  amount  of  loss  of  n 
rule,  but  this  is  rapidly  recovered  in  convalescence,  if 
complication  involving  the  lungs.    If  during  the  stag 


cough  returning  with  all  its  typical  features,  and  persisting  until  the 
bronchitis  or  cold  is  recovered  from.  The  same  thing  may  happen 
after  complete  recovery,  and  if  a  child  in  the  course  of  the  succeeding 
months,  even  as  long  as  a  year,  has  any  cold  or  other  a&ection  char- 
acterized by  cough,  the  cough  assumes  a  paroxysmal  character,  and 
even  the  whoop  may  reappear. 

Atypical  Cases.^ — Very  mild  cases  are  seen  at  times,  in  which  the 
attacks  are  rare  and  not  easily  recognized  as  whooping-cot^h,  and  in 
which  the  duration  of  the  disease  is  only  two  or  three  weeks.  In 
many  cases,  no  whoop  is  heard  at  any  time,  and  the  paroxysms  may 
be  so  mild  and  atypical  as  not  to  be  suggestive.  These  mild  cases 
can  often  be  diagnosed  only  by  the  presence  of  whot^ing-cough  in 
the  neighborhood. 

Very  severe  cases  of  uncompUcated  whoc^ing-cough  are  rare. 
Occasionally,  however,  a  case  is  seen  which  from  the  onset  shows  high 
fever,  and  marked  affection  of  the  general  condition  through  rest- 
lessness and  loss  of  sleep.  Vomiting  becomes  very  frequent,  dyspnea 
appears,  the  pulse  becomes  very  rapid,  and  in  younger  children, 
death  may  occur. 

Whooping-cough  as  seen  in  the  younger  infants  is  often  peculiar 
in  its  manifestations.  The  paroxysms  are  severe,  leading  to  cyanosis, 
and  often  producing  a  brief  period  of  apnea,  with  disturbance  of  the 
consciousness  and  convulsive  movements.  At  the  same  time  the 
whoop  is  absent,  the  paroxysm  ending  with  gagging  and  the  trickling 
out  of  the  mucus.    Vomiting  is  less  frequent. 

Single  Symptoms. — There  are  a  certain  number  of  symptoms 
which  do  not  form  part  of  the  constant  clinical  picture  of  whooping- 
cough,  but  which  are  seen  with  more  or  less  frequency.  Many  of 
them  are  the  result  of  the  mechanical  effect  of  the  severe  paroxysms, 
which  produces  venous  stasis. 

In  severe  cases  the  heart  shows  enlargement  of  the  cardiac  dul- 
ness  to  the  right,  due  to  dilatation  of  the  right  ventricle.  The  pulse 
in  such  cases  becomes  more  rapid,  and  there  may  be  a  blowing  systolic 
murmur  at  the  apex.  These  signs  disappear  in  the  stage  of  decline. 
After  the  disease  has  lasted  for  some  weeks,  there  is  often  a  certain 
amount  of  edema  of  the  face,  especially  under  the  eyes.  Fever  is 
usually  absent  throughout  uncomplicated  cases,  except  sometimes 
early  in  the  catarrhal  stage.  Occasionally  there  is  slight  fever  through- 
out the  disease. 

Ulceration  of  the  frenum  of  the  tongue  from  pressure  on  the  teeth 
during  the  paroxysm,  is  not  uncommon,  especially  in  infants  who 
have  only  the  two  lower  middle  incisors.    Involuntary  passage  of 
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urine  and  feces,  and  sometimes  prolapse  of  the  rectum,  are  occasion- 
ally seen  during  the  paroxysms. 

The  nervous  system  has  a  marked  influence  on  the  course  of  whoop- 
ing-cough. The  paroxysms  are  precipitated  by  nervous  excitement 
or  by  an  irritation  in  the  throat  or  the  respiratory  tract,  such  as  may 
result  either  from  swallowing  or  from  the  inhalation  of  dust.    In  |l 

nervous  and  neuropathic  children  the  paroxysms  are  also  more  severe, 
and  anything  in  the  surroundings  of  the  child  tending  to  stir  up  the 
nervous  system  may  have  a  marked  influence  in  increasing  the  severity 
of  the  disease. 

The  digestive  system  is  usually  but  little  affected  in  whooping- 
cough,  except  for  the  vomiting  at  the  end  of  the  paroxysm.  This 
may,  however,  be  very  obstinate,  and  may  seriously  interfere  with 
nutrition.    Diarrhea  is  very  rare. 

Albuminuria,  due  to  congestion  of  the  kidneys,  is  seen  in  severe 
cases. 

The  Blood. — The  changes  in  the  blood  of  pertussis  have  been 
carefully  studied  in  the  last  few  years,  and  are  imjxjrtant  in  diagnosis. 
The  principal  phenomenon  is  a  leucocytosis,  the  white  count  being 
from  20,000  to  40,000,  averaging  about  27,000.  There  is  an  absolute 
increase  in  both  the  neutrophiles  and  the  basophiles,  but  the  increase 
in  the  basophiles  is  the  most  marked,  so  that  there  is  a  relative  in- 
crease of  the  basophiles  shown  in  the  differential  count.  These 
changes  begin  in  the  catarrhal  stage,  and  are  most  marked  in  the 
early  part  of  the  spasmodic  stage. 

COMPLICATIONS.— The  most  serious  and  important  of  the 
complications  of  whooping-cough  are  hemorrhages,  bronchopneumonia, 
tuberculosis,  and  disturbance  oj  the  nervous  system. 

HEMORRHAGES.^Hemorrhages,  as  a  result  of  the  marked  venous 
stasis  produced  by  the  paroxysm,  are  not  very  uncommon.  Epistaxis 
is  the  most  frequent  form,  but  is  seldom  severe  enough  to  be  threat- 
ening. Occasionally  blood  is  coughed  up  from  the  pharynx  or  bronchi. 
Hemorrhage  into  the  conjunctiva,  forming  a  crescent  around  the 
cornea,  is  relatively  not  uncommon.  Hemorrhages  into  the  eyelids, 
or  into  other  parts  of  the  skin,  are  more  rare. 
'  Occasionally  the  mechanical  effect  of  the  whooping-cough  parox- 
ysm may  produce  a  hemorrhage  into  the  central  nervous  system, 
usually  involving  the  meninges,  resulting  in  sudden  hemiplegia, 
monoplegia,  or  some  other  disturbance,  such  as  aphasia,  facial  para- 
lysis, or  some  disturbance  of  the  sight,  hearing,  or  sensation.  The 
hemorrhage  may  be  fatal.     Such  cases  are  fortimately  rare. 

Bronchopneumonia. — Bronchitis  of  the  larger  bronchi,  as  shown 
by  coarse  sonorous  rftles,  is  so  frequent  in  the  severer  cases  of  whoop- 
ing-cough, that  it  is  usually  considered  a  symptom  rather  than  a 
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complication.  As  many  children  with  whooping-cough  have  no  rales 
at  any  time,  I  believe  that  any  bronchitis  strictly  speaking  is  a  com- 
plication, and  the  bronchitis  of  the  larger  bronchi  is  often  a  forerunner 
of  a  more  severe  form. 

Bronchopneumonia  is  always  preceded  by  a  bronchitis  of  the  smaller 
tubes,  and  it  is  usually  difficult  clinically  to  distinguish  the  two  con- 
ditions. It  is  much  more  common  in  infants  than  in  older  children. 
The  onset  of  a  severe  bronchitis  in  the  course  of  whooping-cough,  is 
marked  by  the  appearance  of  moderate  fever,  of  ordinary  catarrhal 
cough  between  the  whooping-cough  paroxysms,  and  of  a  more  abun- 
dant, greenish-yellow  sputum.  When  bronchopneumonia  develops, 
it  is  recognized  by  the  appearance  of  a  higher  temperature,  which  is 
irregular  and  remittent,  and  by  the  appearance  of  rapid  breathing. 
Often  the  whooping-cough  paroxysms  lose  their  typical  characteris- 
tics, becoming  shorter,  with  disappearance  of  the  whoop,  althou^ 
the  cyanosis  may  be  still  more  marked. 

The  signs  in  the  lungs  are  those  of  any  secondary  bronchopneu- 
monia, diffuse  crackling ■  r&les,  with  or  without  areas  of  duhiess  and 
bronchial  breathing.  The  course  is  that  of  a  secondary  broncho- 
pneumonia, but  is  apt  to  be  severe  and  of  long  duration,  owing  to 
the  weakened  condition  of  the  child.  Bronchopneumonia  is  the 
most  frequent  cause  of  death  in  whooping-cough. 

The  bronchiectasis  and  emphysema  of  the  lungs,  which  are  such 
frequent  findings  at  autopsy,  are  not  often  to  be  recognized  clinically. 
Occasionally,  however,  there  is  a  rupture  of  the  alveoli  which  causes 
an  interstitial  emphysema  of  the  mediastinum,  in  which  the  cardiac 
dulness  is  entirely  replaced  by  tympany.  Exceptionally  there  may 
be  a  subcutaneous  emphysema  which,  beginning  near  the  neck,  may 
spread  widely  over  the  body.  Emphysema  may  be  recovered  from, 
or  may  lead  to  severe  dyspnea  and  death. 

Tuberculosis.— It  is  generally  recognized  that  children  who  have 
recently  had  whooping-cough,  are  liable  at  times  to  develop  some 
serious  form  of  tuberculosis.  This  does  not  mean,  as  many  wrongly 
suppose,  that  whooping-cough  predisposes  children  to  become  in- 
fected with  tuberculosis.  The  cases  which  apparently  develop  tuber- 
culosis as  a  complication  or  sequela  of  whooping-cough  have  been 
infected  with  tuberculosis  at  a  much  earlier  date,  and  when  they 
contract  whooping-cough,  already  have  in  their  bodies  the  lesions  of 
the  primary  stage  of  tuberculosis.  The  whooping-cough  lessens  their 
resistance  to  the  spreading  of  the  disease,  and  favors  the  development 
of  the  secondary  tuberculous  lesions.  The  commonest  of  these  sec- 
ondary manifestations  seen  in  whooping-cough  is  tuberculous  bron- 
chopneumonia, but  tuberculous  meningitis,  or  general  miliary  tubercu- 
losis, is  seen  at  times. 


examination  of  the  blood  often  helps  in  the  diagnosis  of  whooping- 
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cough  in  the  catarrhal  stage.  In  any  cough  in  children,  a  high  white 
count,  without  there  being  any  fever,  points  toward  whooping-cough. 
There  are  some  secondary  infections  which  give  a  high  white  count 
without  fever,  but  the  increase  is  usually  in  the  neutrophiles,  while 
in  early  whooping-cough  the  differential  count  usually  shows  a  relative 
increase  in  the  basophiles.  Kolmer  has  reported  a  series  in  which 
whooping-cough  in  the  catarrhal  stage  was  correctly  diagnosed  by 
the  blood  examination  in  8i  per  cent  of  the  cases,  and  correctly  ex< 
eluded  in  71  per  cent. 

The  conditions  which  most  often  present  themselves  in  the  differ- 
ential diagnosis  of  whooping-cough  are  certain  ones  involving  the 
air-passages,  such  as  adenoids,  pharyngitis,  laryngitis,  bronchitis 
and  tuberculosis  of  the  bronchial  lymph  nodes.  In  the  affections  of 
the  pharynx  and  larynx,  while  the  cough  may  be  severe  and  some- 
what spasmodic,  it  is  more  frequent  and  irregular,  and  typical  attacks 
do  not  develop.  In  bronchitis,  the  attacks  of  severe  coughing  come 
at  the  very  beginning,  instead  of  developing  gradually,  and  are  more 
frequent;  also  acute  bronchitis  is  accompanied  by  fever  and  numerous 
r&les  in  the  lungs.  In  tuberculosis  of  the  bronchial  lymph  nodes,  the 
differential  diagnosis  is  sometimes  more  difficult,  as  the  cough  is  apt 
to  be  distinctly  paroxysmal,  and  there  may  be  expectoration  or  even 
vomiting.  The  whoop  is,  however,  always  lacking,  and  the  cough 
lasts  for  many  months  without  much  change  in  its  character  or  in- 
tensity. The  other  signs  of  tuberculosis,  such  as  interscapular  dul- 
ness,  d'Espine's  sign,  positive  von  Pirquet  reaction,  and  positive 
X-ray  picture,  are  usually  present  in  such  cases. 

PROGNOSIS. — Pertussis  is  a  very  serious  affection  in  yotmg 
infants,  and  also  in  older  children  who  are  debilitated  or  poorly  cared 
for.  This  is  because  the  liability  to  bronchopneumonia  is  greater 
the  younger  the  patient,  and  both  the  frequency  and  fatality  of  this 
complication  is  increased  by  poor  physique.  When  whooping-cough 
occurs  in  older  children  the  prognosb  is  favorable,  provided  that  they 
have  previously  been  well  and  strong,  that  they  are  well  cared  for, 
and  that  no  complications  arise. 

In  many  cases  young  infants,  if  their  vitality  is  unusually  good, 
and  if  they  are  carefully  nursed  and  made  to  take  a  sufficient  amount 
of  food,  show  remarkable  powers  of  resistance  during  attacks  of 
pertussis. 

PROPHYLAXIS.— While  it  is  a  fact  that  in  spite  of  any  pre- 
cautions, almost  all  children  will  contract  whooping-cough  during 
some  period  of  their  childhood,  it  is  not  in  my  opinion  ever  justifiable 
to  allow  a  child  to  become  exposed  to  whooping-cough  if  it  can  be 
avoided.  It  is  particularly  important  to  protect  children  during  the 
first  four  years  of  life,  for  it  is  at  this  age  that  the  tendency  to  bron- 
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stage  have  disappeared,  continued  cough  is  not  an  indication  for 
further  isolation. 

TREATMENT.— The  treatment  of  whooping-cough  is  to  be  con- 
sidered under  four  divisions,  as  follows:  i,  General  hygienic  measures; 
3,  Internal  and  local  treatment  of  the  cough;  3,  Treatment  of  special 
symptoms;  4,  Specific  treatment,  or  vaccine  therapy. 

General  HvcrENic  Measures. — These  are  considered  first,  be- 
cause they  constitute  the  most  effective  means  of  influencing  the 
severity  of  the  disease.  At  least  one-half  of  the  cases  of  whooping- 
cough  encountered  in  practice  require  no  other  means  of  treatment, 
and  would  even  do  better  if  no  other  measures  were  used.  Much 
harm  has  been  done  by  the  indiscriminate  prescribing  of  drugs  in 
whooping-cough. 

Fresh  air  stands  at  the  head  of  the  list  of  therapeutic  measures  in 
whooping-cough.  The  effect  of  being  outdoors  on  the  number  and 
severity  of  the  paroxysms  is  more  obvious  than  that  of  any  other 
means  of  treatment.  Older  children  should  go  out  every  day  even 
in  winter,  except  on  stormy,  raw,  or  dusty  days,  and  should  be  kept 
in  the  open  air  as  much  as  possible.  In  the  case  of  young  infants 
and  delicate  children,  some  precautions  must  be  taken.  I  believe, 
however,  that  even  in  winter  these  children  should  be  taken  out  in 
their  carriages  on  all  fine  days,  but  care  must  be  taken  to  clothe  them 
properly,  and  to  guard  them  from  raw  damp  weather,  wind,  dust, 
and  sudden  changes  of  temperature.  When  on  account  of  weather 
conditions,  patients  cannot  go  out,  they  should  be  given  indoor  air- 
ings. Only  those  children  who  have  fever,  or  are  very  sick,  should 
be  kept  in  bed,  and  even  these  should  be  put  out  on  a  porch  or  veranda 
in  warm  weather,  or  when  weather  conditions  are  favorable. 

When  children  are  indoors,  more  than  one  room  should  be  used 
whenever  possible,  the  patients  being  changed  frequently  from  one 
well-aired  room  to  another.  The  sleeping  room  should  be  arranged 
to  admit  plenty  of  fresh  air.  The  least  closeness  of  the  atmosphere 
increases  the  number  and  severity  of  the  attacks. 

Change  of  climate  has  been  highly  recommended  in  whooping- 
cough.  In  infants  I  do  not  ordinarily  recommend  it,  as  the  discom- 
forts and  limitations  of  hotel  life  are  not  good  for  infants,  who  do 
better  at  home.  Change  of  climate  is,  however,  useful  in  all  cases 
in  which  during  convalescence,  cough  is  unduly  prolonged.  It  is 
also  beneficial  to  delicate  patients  in  winter.  A  warm  place  near  the 
sea-shore  gives  the  most  desirable  climate. 

The  feeding  of  whooping-cough  patients  is  imjwrtant,  and  is  some- 
times difficult  on  account  of  the  vomiting  which  accompanies  the 
paroxysms.  Whenever  vomiting  is  a  symptom,  small  meals,  given 
more  frequenUy,  should  be  used.    It  is  often  necessary  to  depart 
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The  most  effective  drugs  in  controlling  the  paroxysms  are  the 
opiates,  but  owing  to  their  other  effects,  they  should  only  be  used  in 
cases  of  greatest  severity. 

When  drugs  are  indicated,  the  physician  should  try  one  after  an- 
other, keeping  a  careful  record  of  the  daily  number  of  paroxysms. 
Two  or  three  days  suffice  to  test  the  working  of  a  drug.  When  one 
is  encountered  which  appears  to  produce  an  appreciably  favorable 
effect,  it  is  better  to  stick  to  it.  The  order  in  which  the  drugs  are 
tried  is  arbitrary,  and  depends  more  or  less  on  the  fancy  of  the  physi- 
cian. In  going  over  all  the  various  text-book  articles  and  recent 
publicarions,  I  have  found  that  the  drugs  can  be  arranged  in  an 
order  based  on  the  preference  of  the  majority. 

On  the  basis  of  majority  preference,  quinin  holds  first  rank  in  the 
early  stages  of  whooping-cough.  To  infants  the  bisulphate  should 
be  given  in  aqueous  solution,  made  up  so  that  there  is  i  grain  to  the 
teaspoonful  for  infants  in  the  first  year,  and  2  grains  to  the  teaspoonful 
for  infants  in  the  second  year.  A  teaspoonful  should  be  given  three 
or  four  times  a  day.  For  older  children  the  taste  must  be  disguised, 
and  the  bisulphate  may  be  given  in  syrup  of  sarsaparilla,  orange,  or 
yerba  santa.  The  dose  should  be  from  3  to  5  grains  of  the  bisulphate 
according  to  the  age,  three  times  a  day.  In  children  over  eight  years, 
the  sulphate  may  be  given  in  capsules. 

Antipyrin  ranks  next,  and  may  be  tried  when  quinin  fails.  The 
dose  from  six  months  to  two  years  should  be  i  grain  every  four  hours, 
and  this  may  be  safely  increased  to  every  three  hours,  and  then  to 
every  two  hours,  if  no  effect  is  produced.  For  a  child  from  two  to 
six  years,  2  grains  may  be  given  every  four  hours,  increasing  to  every 
two  hours.  After  six  years,  3  grains  may  be  given.  Antipyrin  may 
be  used  alone,  or  combined  with  the  bromides. 

Tke  bromides  may  be  tried  next.  In  the  first  year,  bromide  of 
sodium  may  be  given  in  doses  of  2  grains  every  four  hours;  in  the 
second  year,  the  dose  may  be  3  grains,  and  to  older  children  4  or  5 
grains  every  four  hours.  Bromide  of  sodium  may  be  given  in  com- 
bination with  antipyrin. 

Belladonna  has  been  a  favorite  remedy  for  whooping-cough  in  the 
past.  Present  day  opinion  inclines  to  the  belief  that  it  is  not  often 
very  effective.    The  dosage  will  be  found  in  Division  II. 

It  is  admitted  that  the  opiates  are  the  most  effective  means  of 
controlling  the  paroxysms,  but  owing  to  their  other  unfavorable 
effects,  they  should  only  be  used  in  the  severest  cases,  when  other 
means  fail. 

Codein  should  be  tried  first,  in  the  following  doses:  In  the  first 
year,  bV  grain;  in  the  second  year,  sV  to  iV  grain;  from  two  to 
four  years,  ^  to  iV  grain;  from  four  to  eight  years,  i  to  i 
grain ;  over  eight  years,  i  grain.     These  doses  should  not  be  repeated 


ment. 

The  serious  complications  of  bronchopneumonia  and  tuberculosis 
are  treated  as  described  under  those  diseases. 

Prolonged  cough  in  convalescence  is  treated  as  is  chronic  bron- 
chitis, by  means  of  tonics  and  change  of  climate. 

Specific  Treatment;  Vaccine  Therapy. — Very  soon  after  the 
establishment  of  the  Bordet-Gengou  bacillus  as  the  presumable  cause 
of  whooping-cough,  attention  was  turned  to  the  possibihty  of  a  specific 
method  of  treatment.  The  long  course  of  the  disease,  and  the  local- 
ized character  of  the  lesions,  suggested  that  vaccine  therapy  was  the 
form  of  specific  treatment  most  likely  to  prove  of  value.  Vaccines 
prepared  from  cultures  of  the  whooping-cough  bacillus  were  placed 
upon  the  market,  and  have  been  very  widely  employed.  Recent 
medical  literature  is  filled  with  innumerable  reports  on  the  results 
of  vaccine  treatment  in  whooping-cough.  The  majority  of  these 
reports  are  favorable.  Some  observers  beUeve  that  the  use  of  the 
vaccine  not  only  lessens  the  number  and  severity  of  the  paroxysms, 
but  also  shortens  the  course  of  the  disease  and  tends  to  prevent  com- 
plications. Other  observers  are  not  so  sanguine  as  to  the  shortening 
of  the  course  of  the  disease  and  the  prevention  of  complications,  but 
believe  that  the  number  and  severity  of  the  paroxysms  are  favorably 
influenced.  One  encounters  many  "pleas  for  the  more  extended 
use  of  vaccine  therapy  in  whooping-cough." 

These  reports  are  by  no  means  convincing.  It  is  extremely  difficult 
to  estimate  the  value  of  any  therapeutic  measure  in  a  disease  so  irregu- 
lar in  its  clinical  manifestations  as  is  whooping-cough.  The  history 
of  therapeutic  endeavor  clearly  shows  that  most  means  of  treatment, 
the  results  of  which  are  estimated  by  their  effect  upon  clinical  symp- 
toms, are  held  as  effective  when  first  tried.  Our  minds  unconsciously 
tend  to  see  favorable  results  from  our  therapeutic  endeavors.  The 
investigators  whom  one  would  naturally  select  as  being  men  having 
the  most  critical  ^nd  impartial  minds,  have  published  reports  unfavor- 
able to  the  value  of  the  vaccine  in  pertussis. 

I  note  a  report  by  Hess  of  an  epidemic  of  whooping-cough  in 
which  four  diflferent  vaccines  were  used,  including  an  autogenous 
vaccine.  No  one  of  them  showed  any  effects  of  value  in  curing  or 
modifying  the  disease  in  this  epidemic,  in  spite  of  the  fact  that  many 
cases  received  early  inoculations,  or  even  prophylactic  inoculations. 

Vaccine  therapy  in  the  treatment  of  pertussis  is  possibly  worthy 
of  further  trial.  It  has  been  established  that  it  does  no  harm,  and 
it  can  be  used  in  any  case  in  addition  to  the  ordinary  methods  of 
treatment.  The  usual  dosage  is  from  100,000,000  to  300,000,000 
bacteria,  given  every  other  day. 


01  tnose  exposea.  as  ine  moae  oi  iransmission  is  not  morougiuy 
known,  it  is  impossible  to  say  what  constitutes  exposure.  In  scarlet 
fever,  only  a  small  percentage  of  the  exposed  are  infected,  and  this 
is  known  to  be  due  not  to  a  varying  susceptibility  to  scarlet  fever, 
but  to  the  fact  that  the  virus  of  scarlet  fever  is  not  air-borne,  and  that 
actual  contact  with  infected  material  is  essential  for  transmission. 
In  mumps  the  mode  of  transmission  is  probably  similar  to  that  of 
scarlet  fever,  and  accounts  for  the  apparent  relative  insusceptibility. 

Mumps  is  most  common  between  the  ages  of  five  and  fifteen  years. 
The  disease  is  very  uncommon  in  infants  under  two  years,  although 
rare  cases  have  been  described  even  in  the  newborn. 

Immunity. — An  attack  of  mumps  confers  a  long-lasting  immunity. 
Owing  to  the  doubt  as  to  the  exact  mode  of  transmission,  it  is 
impossible  to  say  with  certainty  how  long  this  immunity  lasts,  as  adults 
are  probably  much  less  frequently  exposed  than  children.  Second 
attacks  do  not  occur  in  childhood,  but  in  adults  are  relatively 
rather  more  common  than  with  the  exanthemata. 

Incubation. — The  incubation  is  very  long,  averaging  from  seven- 
teen to  twenty-one  days.  Family  epidemics  are  consequently  often 
long  drawn-out. 

PATHOLOGICAL  ANATOMY.— Opportunities  for  pathological 
examination  of  the  tissues  involved  in  mumps  have  been  very  rare. 
The  process  appears  to  consist  of  edema  and  congestion  in  the  inter- 
stitial tissue  of  the  parotid,  and  of  the  tissues  adjoining  the  parotid, 
accompanied  by  a  certain  amount  of  round  cell  infiltration.  The 
parenchyma  of  the  gland  does  not  appear  to  be  involved. 
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e  mammary  gland,  but  by  the  contamination  of 
comes  in  contact  with  the  child's  mouth  through 
e  breast-fed  infants  of  typhoidal  mothers  often 

s,  through  the  conditions  of  its  transmission,  ex- 
Sect  more  than  one  member  of  a  family. 
—After  the  fifth  year,  the  frequency  of  occurrence 
about  the  same  in  children  as  in  adults.  In  chil- 
ve  years  of  age  typhoid  is  much  less  frequent  than 
inder  two  years,  typhoid  is  rare,  especially  in  the 
hen  it  is  very  exceptional.  It  should  be  remera- 
can  occur  in  infants,  although  it  is  uncommon, 
that  some  cases  of  typhoid  in  infancy  are  over- 
of  the  atypical  clinical  picture  presented.  Con- 
lot  uncommon  in  children  born  of  mothers  sick 
n  such  cases  the  bacilli  gain  entrance  to  the  fetal 
the  placenta.  The  commonest  result  of  fetal 
the  fetus  and  abortion,  but  a  child  may  be  bom 
and  die  soon  afterward  on  account  of  its  feeble 

■  to  typhoid  fever  is  general,  and  there  is  no 
'ariations  in  susceptibility  or  of  relative  immunity, 
'he  smaller  frequency  of  the  disease  in  infancy 
tributed  to  the  fact  that  infants  have  .less  oppor- 

adequate  contact  with  infected  material, 
ugh  typhoid  fever  is  a  self-limited  disease,  it 

immunity  following  an  attack  lasts  only  for  a 
I  attacks  are  comparatively  common. 
.  ANATOMY.— In  childhood  the  pathological 
te  in  indirect  ratio  to  the  age.  After  the  second 
;sions  are  constant  and  the  pathology  definite, 
ivanced  and  severe  lesions  of  typhoid  fever  may 

well  as  in  the  later  years  of  life,  yet  its  char- 
/oung  subjects  are  found  to  be  less  definitely 
insist  essentially  of  a  hyperplasia  of  the  solitary 
,'yer's  patches,  and  the  process,  instead  of  going 
ally  terminates  in  early  resolution  with  fatty 
lis.  Ulceration  is  absent  or  slight,  and  hemorr- 
are  therefore  rare- complications  in  the  typhoid 

esions  in  the  intestine,  hyperplasia  of  the  mes- 
ar  degeneration  of  the  liver  and  kidney,  and 
jneration  of  the  heart  may  be  found.  Paren- 
•metimes  occur  in  the  peripheral  nerves,  with 
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efflorescence  of  typhoid  fever,  the  rose-spots,  have 
inal  importance  in  the  diagnosis  from  recent  bacterio- 
itions.     Various   observers   have   demonstrated    the 

typhoid  bacillus  in  the  rose-spots  in  a  very  large 
le  cases  examined. 

.  — The  typical  clinical  picture  of  typhoid  fever  in 
markedly  from  that  seen  in  adults.  This  applies  to 
of  cases.  It  must  be  remembered,  however,  that  in- 
uently  encountered  in  which  the  disease  runs  a  course 
esembling  that  characteristic  of  adult  typhoid,  and 
n  symptomatology  and  severity  which  are  encountered 
)ccasionalIy  be  seen  in  children.  It  will  be  assumed 
:ader  is  thoroughly  familiar  with  the  general  descrip- 
fever,  which  is  that  of  adults,  and  attention  will  be 

to  pointing  out  the  differences  characteristic  of  the 
frequently  encountered  in  childhood. 

USUAL  CLINICAL  PICTURE  IN  CHILDREN 

aid  fever  in  childhood  resembles  more  or  less  the  mild 
ease  as  seen  in  adults.  The  principal  differences  are 
A  shorter  febrile  period  with  greater  frequency  of 
a  less  high  range  of  temperature;  absence  of  the  severe 
tions  of  the  disease  affecting  the  nervous  system; 
complications,  particularly  hemorrhage  and  perfora- 

— In  typical  cases  the  child  becomes  ill  with  rather 
IS,  but  the  onset,  while  not  sudden,  is  rather  more 
ed  than  is  often  the  case  in  adults.  The  symptoms 
lal  stage  are  weakness — the  child  tiring  easily — loss 
itless  sleep,  and  at  times  occasional  vomiting.  In 
there  may  be  headache,  which  is  usually  not  very 
xis  is  very  rare.  In  this  stage  high  fever  is  usually 
emperature  is  becoming  higher  each  day,  and  one  of 
:h  especially  attracts  the  attention  is  that  the  most 

examination  fails  to  reveal  a  cause  for  the  tempera- 
high  in  proportion  to  the  general  constitutional  dis- 
nany  cases  the  constitutional  disturbance  is  so  slight 
he  fever  which  attracts  attention. 
-The  temperature  curve  in  childhood  bears  a  general 

the  classical  curve  of  adults.  There  is  a  period  of 
f  temperature,  a  period  of  high  continuous  fever,  a 
rked  daily  remissions,  and  a  period  of  fall  by  lysis.  In 
■er,  all  these  periods  are  apt  to  be  shorter,  the  entire 

disease   being   more   compressed.     The   temperature 
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lally  through  secondary  infection,  there  may  be  a  sup- 
he  parotid  gland. 

ing  of  typhoid  fever  is  usually  comparatively  slight, 
nly  in  the  earlier  stages  of  the  disease.  Occasionally, 
neuropathic  children,  the  vomiting  is  much  more  fre- 
and  persistent. 

a  is  the  commonest  complication  of  the  typhoid  fever 
It  is  usually  of  a  benign  character. 
umonia  is  seen  at  times,  especially  in  young  children  of 
ce.  Its  development  is  often  very  insidious. 
ition. — The  circulatory  system  is  only  affected  in  severe 
1  cases.  A  toxic  myocarditis  betrays  itself  by  a  shorten- 
t  heart  sound,  and  by  a  pronounced  tachycardia.  Endo- 
pericarditis  are  very  rare.  Bradycardia  and  irregular 
;  heart  are  sometimes  seen  during  convalescence,  but 
lus  significance. 

ys. — A  pronounced  nephritis  is  extremely  rare.  The 
li  are  eliminated  in  the  urine  and  persist  even  in  cou- 
nt usually  produce  no  symptoms.  Occasionally,  signs 
cystitis  are  found  in  the  urine, 
is  System. — In  older  children  aphasia  is  seen  at  times, 
ngeal  irritation  are  commoner  in  children  than  in  adults, 
with  rigidity,  Kemig's  sign,  and  spasm  of  the  extremi- 
puncture  often  reveals  either  an  increased  quantity  and 
erebrospinal  fluid,  or  a  slight  increase  in  the  cell  count. 
—At  the  beginning  of  the  disease  a  toxic  erythema  is 
en  rather  more  often  in  children  than  in  adults.  Severe 
ow  various  forms  of  erythematous  eruption  later  in  the 
disease.  Not  infrequently  after  subsiding  of  the  fever, 
e  profuse  sweating,  which  leads  to  the  formation  of 
id  often  leads  to  a  certain  amount  of  desquamation  of 
id  extremities,  which  does  not  involve  the  face,  hands - 
:ubitus  is  much  less  frequent  than  in  adults.  On  the 
furunculosis  is  not  uncommon  in  children  during  con- 

. — Periostitis  is  seen  at  times  in  the  typhoid  fever  of 
usually  occurs  during  convalescence,  and  sometimes 

:  lapse  of_  several  months.     The  areas  are  usually  small, 

i.  and  most  frequently  found  upon  the  tibia.  This 
is  accompanied  by  slight  if  any  febrile  reaction,  and 

rlooked.    Osteomyelitis  is  very  rare. 

ire  just  as  common  in  the  typhoid  fever  of  children  as 

dults,  and  the  course  of  a  relapse  usually  bears  a  close 

to  the  original  attack. 
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ditTerentiate  these  two  conditions  at  a  very  early  stage, 
examination  in  pneumonia  almost  always  shows  a  leu- 

■ms  of  non-specific  intestinal  infection  are  seen,  in  which 
nal  symptoms  are  not  so  prominent  as  in  typical  cases 
diarrhea.  Such  cases  may  be  mistaken  for  typhoid, 
i  may  be  in  doubt  for  several  days,  but  the  fever  in  these 
iditions  is  usually  of  brief  duration. 
■5  so  common  in  infancy  and  early  childhood  often  bears 
tomatic  resemblance  to  typhoid  fever.  The  differential 
t  be  made  at  once  by  examination  of  the  urine. 
uberculosis,  especially  the  form  which  eventually  mani- 
n  the  symptom-complex  of  tuberculous  meningitis,  is 
lely  difficult  to  distinguish  from  typhoid  fever.  The 
y  be  in  doubt  for  a  considerable  time,  until  finally  set- 
appearance  either  of  the  splenic  tumor  and  rose  spots, 
e  cerebral  symptoms.  The  results  of  lumbar  puncture 
■ttle  the  diagnosis  before  the  appearance  of  the  Widal 

piicemia,  or  malignant  endocarditis,  comes  more  rarely  into 
ial  diagnosis  of  typhoid  fever  in  children  than  in  adults. 

certain  cases  of  rheumatic  fever,  in  which  arthritic  symp- 
ght  or  absent,  the  process  mainly  involving  the  endo- 
ich  are  difficult  to  distinguish  from  typhoid  fever.  Even 
docardial  murmur  is  present,  the  physician  may  be  in 
ler  it  does  not  represent  a  preexisting  endocarditis. 

also  certain  forms  of  influenza,  in  which  the  catarrhal 
fleeting  the  upper  respiratory  tract  are  slight  or  absent, 
:ally  resemble  typhoid  fever.  Such  cases  have  been 
1  "abdominal  grippe."  They  are  rare,  except  in  recog- 
pread  epidemics  of  influenza. 

certain  cases  of  typhoid  fever  in  which  there  is  so  much 
nderaess  in  the  right  iliac  region,  and  so  much  vomiting, 
'icitis  is  suspected.  In  these  cases,  however,  careful  ex- 
rill  usually  show  that  involuntary  spasm  is  absent.  On 
nd,  there  are  cases  of  appendicitis  in  which  fever  is  promi- 
3cal  pain  and  tenderness  slight.  The  white  blood  count 
t  importance  in  the  differential  diagnosis  of  these  diseases, 
itis  practically  always  shows  a  leukocytosis. 
;ases  of  typhoid  fever  in  children  the  signs  of  toxic  irrita- 

meninges  are  so  prominent  as  to  suggest  some  form  of 
eningitis.  In  such  cases,  lumbar  puncture  should  be 
in  order  to  settle  the  diagnosis. 

3RY  Diagnosis. — There  are  a  number  of  laboratory  tests, 
ssential  to  the  diagnosis  of  typhoid  fever.     Some  of  these 
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typhoid  fever.    It  has  the  advantage  of  being  pos 
r   in   the  course  of  the  disease.     Some  writers  state 
f  blood  cultures  a  positive  diagnosis  can  be  made  ir 
1  from  90  to  100  per  cent  of  cases, 
aoratory   tests  will   be   considered   under   Problems 

)SIS. — The  prognosis  of  typhoid  fever  in  childhoo 
astics  show  that  the  disease  is  much  less  fatal  in  chil 
ults,  and  that  the  mortality  increases  directly  with 
complications  whether  arising  from  local  disturbanc 
e  or  from  cardiac  and  pulmonary  disease,  are  rare  in  i 
h  those  encountered  in  later  life.  The  disease,  how( 
much  in  its  severity  in  different  epidemics  and  in  difTt 
a  child  may  have  a  severe  type  of  typhoid  fever  anc 


VLAXIS. — The  various  measures  of  isolation  and  disii 
ed  in  preventing  the  spread  of  typhoid  fever  will  nc 
n  detail.  They  differ  in  no  way  from  those  used  in 
.-cr  of  adults,  and  as  the  disease  is  particularly  one  of  a 

be  assumed  that  the  reader  is  already  familiar  witl 
s. 

HOLD  Vaccination.— Within  the  last  decade,  inocula 
phoid  fever  has  been  widely  employed,  especially  an 
id  sailors,  but  also  to  some  extent  in  civil  life.  The 
if  the  preventive  power  of  antityphoid  vaccination.  W 
lain  to  be  settled,  among  them  being  the  duration  of 
produced  in  this  way,  and  the  compararive  value  of 
a  red  in  various  ways. 

:cine  most  commonly  employed  is  a  suspension  of  1 
lioid  bacilli.  It  has  been  shown  that  severe  reactions 
that  when  small  amounts  of  a  vaccine  of  low  virulenci 
e  is  little  inconvenience. 

,re  various  methods  of  using  the  vaccine.  The  one  1 
1  in  Boston  is  to  give  four  inoculations  at  five-day  inter 
being  100  million,  200  million,  400  million,  and  600  mi 

Proportionally  smaller  doses  are  used  for  children, 
n  is  made  in  the  interscapular  region. 
Lt  extent  is  inoculation  against  typhoid  fever  indicate 

In   considering    this    question,    the    comparatively 
of  the  disease  in  early  life  has  considerable  weight.    1 1 
ided  antityphoid  vaccination  in  very  few  cases,  and 
er  exceptional  circumstances.    I  believe  that  the  yac( 
hildren  should  only  be  recommended  under  the  foUo' 
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^eless  the  physician  should  always  watch  for  evi- 
estion  from  overfeeding,  as  shown  by  vomiting  or 
Is.  It  is  also  best  to  avoid  articles  of  food  which 
^digested  residue,  such  as  fruit  and  vegetables. 
Id  be  about  what  a  child  of  the  same  age  would,  take 
he  exception  of  fruit  and  vegetables.  This  for  older 
iclude  milk,  cereals,  bread  or  toast,  beef-juice,  broths, 
iced  chicken  and  ice  cream.  If  the  digestion  of  the 
he  caloric  value  of  the  food  can  be  further  increased 
)f  some  dextri-maltose  preparation,  cream,  or  cocoa, 
there  are  any  signs  of  indigestion,  the  diet  must  be 
g  to  the  indications.  Feedings  should  be  given  at 
als  by  day,  and  one  feeding  at  night.  It  is  usually 
eed  children  with  typhoid,  the  difficulty  lying  in 
take  enough.  Considerable  urging  may  be  neces- 
m  of  forced  feeding  should  not  be  employed  except 
ies. 

■Constipation  is  best  combatted  by  enemata,  which 
be  given  every  other  day  if  the  bowels  do  not  move, 
e  the  constipation  is  accompanied  by  any  tympan- 
should  be  given  daily. 

;s  no  treatment  unless  the  number  of  movements 
urs  exceeds  five.  Bismuth  should  be  tried  first, 
•ium  in  doses  appropriate  to  the  age  of  the  patient 

npanites  is  rarely  severe  enough  to  require  treat- 
ted,  it  may  be  relieved  by  turpentine  stupes,  or 
;.     Glycerin  suppositories  and  glycerin  enemata 

-This  method  of  treatment  is  used  in  typhoid 
•I  of  high  temperature,  and  for  the  relief  of  such 
as  restlessness,  sleeplessness,  or  headache.  It 
to  have  any  influence  on  the  course  or  mortality 
>st  writers  state  that  hydrotherapy  is  indicated 
rature  reaches  a  certain  point.  I  do  not  entirely 
■nent.  High  temperature  is  usually  accompanied 
ne  nervous  symptoms,-and  in  such  cases  I  believe 
i  indicated.  I  do  not  believe  it  to  be  indicated 
nperature  reaches  a  certain  point,  when  there 
!r  of  any  disturbance  from  the  fever.  It  must 
children  in  general  do  not  bear  cold  baths  as 
must  be  guided  by  the  effect  of  hydrotherapy 
ti,  and  on  the  general  condition  of  the  patient, 
Tect  upon  the  temperature. 
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which  is  carried  on  in  the  blood  of  the  intermediate  host 
other  being  that  of  sexual  propagation  which  is  carried 
astro-intestinal  canal  of  the  definitive  host  (mosquito). 
.ages  of  the  sexual  forms,  however,  are  also  developed  in 
blood,  and^t  is  these  forms  which  when  withdrawn  by 
,o  carry  on  the  sexual  cycle.  The  paroxysms  characteris-. 
iisease  are  produced  by  the  segmentation  of  the  mature 
■ns,  ^vhich  occurs  at  regular  intervals,  and  which  is  a  part 
cual  cycle.  The  sexual  forms  are  resistant,  latent  and 
the  blood  for  a  long  time  without  producing  symptoms. 
tier  been  shown  that  the  female  sexual  forms  are  capable 
>ing  segmentation  without  fertilization,  and  the  small 
?.  produced  may  start  a  new  asexual  cycle.  This  accounts 
infections  and  the  relapses  which  are  apt  to  occur  in  the 
\iie  year,  or  upon  removal  of  a  patient  from  one  climate 
r. 

xual  cycle  of  the  tertian  parasite,  ending  in  segmentation, 
1  every  forty-eight  hours.  The  asexual  cycle  of  the  quartan 
is  seventy-two  hours  in  length.  The  estivo-autumnai  is 
known  as  tropical  or  pernicious  malaria.  The  asexual  cycle 
of  the  tertian  is  forty-eight  hours  in  length. 
lian  parasite  first  appears  in  the  red  blood-corpuscles  as  a 
iline  body  with  ameboid  movements.  It  increases  in  size 
:lops  fine,  dark,  pigment  granules,  which  are  in  constant 
due  to  the  ameboid  contractions  of  the  protoplasm  of  the 
\\  parasites.  The  red  cells  which  contain  them  become 
enlarged  and  gradually  decolorized.  Each  parasite  when 
wn  nearly  fills  the  red  corpuscle.  In  the  stage  of  segmenta- 
lich  occurs  at  the  time  of  the  paroxysm,  fifteen  or  twenty 
3  appear,  which  invade  fresh  red  corpuscles,  and  begin  the 
ain  as  hyaline  bodies. 

•uarlan  parasite  resembles  the  tertian,  but  its  ameboid  move- 
re  slower,  the  pigment  granules  are  coarser,  darker,  and  less 
the  full-grown  organism  is  smaller,  and  the  red  cell  in  which 
inism  develops  becomes  somewhat  shrunken  about  the  para- 
d  of  a  deeper,  old-brass  color.  It  segments  into  only  five 
parts. 

eslivo^ulumnal  parasite  is  smaller  than  the  others  and  con- 
ss  pigment.  The  corpuscles  containing  them  become  shrunken 
ass-colored.  About  a  month  after  the  onset  of  the  attack, 
teristic  crescentic  or  ovoid  bodies  appear,  which  have  coarse 
it  granules  clumped  in  the  center.  These  are  the  sexual  forms. 
tertian  form  is  the  one  which  is  by  far  the  most  common  in  this 
li  the  country,  and  the  one  which  is  most  influenced  by  the 
istrationof  quinin;  the  other  form,  represented  by  the  quartan, 
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siTiON. — It  is  probable  that  every  human  being  bitten 
cted  anopheles,  will  develop  the  disease.  In  malarial 
disease  is  very  common  in  infants  and  young  children, 
conunon  if  not  more  common  than  in  adults.  This  is 
ecause  yoimg  children  are  so  frequently  bitten  by  mos- 

LOGICAL  ANATOMY. — There  are  no  especial  differences 
le  patholc^cal  lesions  found  in  the  malaria  of  children 
which  occur  in  adults.  According  to  Thayer,  in  acute 
lalarial  fever,  on  examination  with  the  microscope,  the 
i-pillaries  are  found  to  be  crowded  with  malarial  parasites, 
sually  a  marked  granular  degeneration  of  the  endothelium 
%aels. 

een  is  always  enlarged,  often  only  moderately.  The  paren- 
cyanotic,  of  a  slaty-gray  color,  and  almost  diffluent.  The 
e  spleen  is  found  to  contain  enormous  numbers  of  red  blood- 
>,  many  of  which  contain  parasites.  Great  nimibers  of 
Is  are  also  seen,  some  of  them  being  necrotic.  The  capil- 
;  usually  filled  with  red  blood-corpuscles  containing  the 
a,  while  the  splenic  veins  show  relatively  few,  although  they 
ontain  large  cells  enclosing  pigment  or  the  remains  of  red 
Tjuscles. 

iver  is  swollen  and  has  usually  a  slaty-gray  color.  The 
;s  are  filled  with  leucocytes,  which  contain  numerous  pig- 
bodies.  Relatively  few  plasmodia  are  found  in  the  blood- 
es  in  the  vessels.  Areas  of  disseminated  necrosis  similar 
:  in  other  acute  infectious  diseases  have  been  described. 
fessels  of  the  kidneys  contain  relatively  few  organisms.  The 
H  may  be  considerably  pigmented.  There  may  be  marked 
ation  of  the  epithelium  of  the  capsule,  and  at  times  changes 
parenchyma,  especially  areas  of  necrosis  of  the  epithehum  of 
ivoluted  tubules.  The  other  viscera  show  no  special  char- 
ic  changes,  except,  at  times,  that  of  melanosis. 
IPTOMS.— The  symptoms  of  malaria  as  the  disease  occurs  in 
and  young  children  are  much  more  varied  and  far  more  un- 
than  those  which  we  are  accustomed  to  meet  with  in  adults, 
rominent  symptom  of  malaria  being  the  paroxysm,  earlier 
s  naturally  classified  malaria  according  to  the  time  when  the 
'sms  appeared,  using  the  term  quotidian  when  they  occurred 
ntervals  of  twenty-four  hours,  tertian  when  they  occurred  with 
a\s  of  forty-eight  hours,  and  quartan  where  they  occurred  with 
als  of  seveaty-two  hours.  Again,  the  terms  intermittent  and 
enl  have  been  used  commonly.  The  intermittent  form  is  char- 
zed  by  entire  absence  of  fever  between  the  paroxysms.    The 
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ler,  in  cases  of  quartan  fever,  through  the  ripening  of 
of    parasites  on  different  days,  different  combinations 

ding  to  the  number  of  sets  of  parasites.  Thus,  while 
in  -which  there  is  only  one  generation  the  intervab  be- 

aroxysms  are  seventy-two  hours,  in  that  in  which  there 


Double  tertian  form  of  malaria  (quotidian).     (C  means  chills.) 

I  generations  there  may  be  an  interval  between  the  parox- 
i  only  forty-eight  hours,  and  when  there  are  three  generations 
ay  be  an  interval  of  only  twenty-four  hours,  thus  representing 
Jtidian  chills  described  by  Mannaberg.  The  following  table 
5  the  different  tjpes  of  paludism  as  they  are  now  understood 
most  recent  investigators: 
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I  fever,  and  sometimes  accompanied  by  coldness  of 
and  a  collapsed  condition  very  commonly  replaces 
adult.  These  symptoms,  representing  the  onset  of 
y  often  disappear  as  the  disease  becomes  established, 
tee  we  may  meet  with  the  symptoms  of  some  other 
jsceptibility  of  the  nervous  and  respiratory  systems 
•n  tends  to  produce  variations  in  the  form  and  type 
I  are  misleading  in  regard  to  diagnosis,  the  symptoms 
articular  organ  often  completely  overshadowing  the 
iria,  and  producing  an  entirely  new  clinical  picture. 
often  are  so  indefinite,  and  the  disease  frequently 
iously,  that  the  physician  does  not  see  the  case  until 
ii'derable  progress  and  the  diagnosis  is  thus  much 


niarged  spleen.     Plasmodium  mBlariae  found  in  tbe  blood 

;  other  symptoms,  severe  pain  in  the  head  and 
gastric  region  is  met  with.  In  the  form  in  which 
ual,  the  prominent  symptoms  are  anemia,  loss 
i]  headache  of  moderate  type.     Splenic  or  hepatic 

the   back,  extremities,  and  neck,  and  general 
sia  are  occasionally  observed. 
4TION. — The    only   constant   physical   sign   in 
;nt    of    the  spleen.    This  occurs  rather  more 
han    in    adults,  although  there  is  considerable 

when  the  splenic  tumor  can  first  be  detected. 
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IS. — Malaria  as  it  occurs  in  early  life  is  far  more  diffi- 
ose  by  its  symptoms  than  when  the  disease  runs  the 
:  usually  seen  in  the  adult.  It  is  the  most  protean  dis- 
e  are  called  upon  to  deal  with  in  young  children,  and 

0  closely  so  many  other  conditions  we  are  likely  to  meet 
should  always  be  on  our  guard,  and  allow  for  the  possi- 

presence  of  the  Plasmodium  malariae  in  making  a  diag- 
doubtful  case.  Whenever  there  is  any  periodicity  in 
15,  or  whenever  there  is  definite  splenic  enlargement. 
Id  be  suspected.  The  only  rational  method  of  determin- 
we  are  dealing  with  a  case  of  malaria  is  by  an  examina- 
ood,  which  at  once  settles  the  question  if  the  plasmodium 
The  parasite  can  usually  be  found  in  a  patient  who 
;  or  no  quinin,  if  the  blood  is  thoroughly  examined  during 
by  a  person  who  has  had  considerable  experience.  Both 
nd  the  stained  specimens  should  be  examined.  The 
ucocytosis  in  malaria  is  an  important  aid  in  the  exclusion 
fever  dependent  upon  septic  processes. 

SIS. — The  prognosis  of  malaria  in  children  is  good, 
it  the  child  is  removed  from  the  malarial  district  and  is 

1  quinin.  Relapses  occur,  even  after  long  intervals  of 
imunity,  and  the  disease  can  recur  a  number  of  times. 

"LAXIS. — The  value  of  mosquito-nets  from  a  prophy- 
point  is  significant,  and  observations  in  malarious  dis- 
g  the  last  year  or  two  strongly  support  this  idea.     The 

patient  with  malarial  fever  in  a  malarious  district  is  a 
mger  to  those  about  him  is  a  very  important  one,  the 
eing,  of  course,  that  one  should  insist  upon  such  an  indi- 
ing  under  a  mosquito-net.  The  importance  also  of  early 
•h  treatment  of  all  cases  of  malaria,  particularly  relapses 

malarial  season,  is  evident.  In  some  regions  destruction 
uito  larvae  has  accompUshed  a  great  deal. 

i-IENT. — Malaria  is-one  of  the  few  acute  infectious  dis- 
hich  there  is  a  specific  drug  treatment.  Quinin,  when 
ven,  will  bring  about  a  rapid  cure  in  all  cases  caused  by 

parasite,  and  in  most  cases  caused  by  the  other  varieUes. 
s  OF  Administering  Quinin. — Quinin  may  be  given  by 

rectum,  subcutaneously,  or  intravenously.  As  a  routine, 
ority  of  cases  the  drug  should  be  given  by  mouth.  Infants 
lally  object  to  the  taste,  but  they  cannot  swallow  an  in- 
-m  of  quinin.  It  is  therefore  best  in  infants  to  use  the 
in  aqueous  solution.    A  convenient  preparation  is  to  make 

contain  two  grains  to  the  teaspoonful.    If  this  solution  is 
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paroxysm  is  due.  The  doses  have  to  be  rather  large. 
ear  quinin  well,  and  the  mistake  usually  made  is  to  give 
The  large  dose  is  given  first,  in  order  that  if  the  child  has 
icrasy  toward  quinin,  symptoms  of  disturbance  will  appear 
nd  the  second  and  third  doses  may  be  omitted. 
■or  the  three  doses  before  an  expected  paroxysm,  no  other 
^ven.  Used  in  this  way  the  quinin  should  entirely  abort 
ysm.  £ach  generation  of  plasmodia  is  attacked  in  this 
For  example,  in  a  single  tertian  infection,  the  quinin 
repeated  once  on  the  day  when  the  next  paroxysm  would 
occur.  In  a  double  tertian  infection,  the  quinin  should 
;d  daily  for  three  days,  four  days  in  all.  If  however  the 
;s  not  entirely  prevent  the  first  paroxysm,  that  generation  of 
shoxild  be  attacked  a  third  time,  the  rule  being  to  attack 
ration  once  more  after  the  paroxysm  has  been  prevented, 
he  paroxysms  have  been  attacked  as  described  above,  I 
msider  it  wise  to  continue  to  give  quinin  in  smaller  doses 
:  sure,"  as  is  usually  done.  If  any  parasites  have  escaped 
lal  onslaught,  they  will  not  be  destroyed  by  the  smaller 
;n  "  to  make  sure,"  but  will  only  be  prevented  from  develop- 
'au^g  fresh  symptoms.  They  may  thus  remain  latent  in 
,  and  may  cause  a  relapse  at  some  distant  future  time.  I 
le  practice  of  continuing  quinin  in  small  doses  is  responsible 
'  incomplete  cures  and  subsequent  relapses.  My  practice 
no  more  quinin  as  long  as  I  can  keep  the  patient  under  close 
on,  with  a  four-hourly  temperature  record.  This  permits 
■tunity  for  undestroyed  parasites  to  develop  and  to  cause 
IS,  in  which  case  the  original  treatment  is  repeated.     Before 

discharge  of  the  case,  the  blood  is  carefully  examined  as  a 
irecaution.  Sometimes  when  the  case  is  about  to  be  released 
se  observation,  I  give  more  quinin  to  make  sure,  but  under 
■umstances  I  give  the  full  twenty-four  hour  amount  used  in 
nal  attack,  in  three  doses  at  eight-hour  intervals,  for  two  or 
-ys.  ^ 

clinical  picture  is  very  indefinite  with  no  recognizable  paro- 
or  periodic  times  when  the  symptoms  show  a  maximum  in- 
the  same  quantity  of  quinin  should  be  given  each  twenty- 
irs  as  in  the  table,  but  the  doses  must  be  differently  arranged, 
twenty-four  hour  amount  should  be  divided  into  three  nearly 
srtions,  which  are  given  three  times  a  day.  This  should  be 
-d  for  two  days  after  all  symptoms  have  disappeared,  and 

quinin  should  be  omitted  until  symptoms  reappear,  or  till 
ient  is  discharged. 

ria  rarely  requires  any  symptomatic  treatment,  because 
h  there  are  many  functional  disturbances  and  subjective 
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DISEASES  TENDING  TO  OCCUR  IN 
EPIDEMICS 

ap  includes  two  diseases  which  tend  to  occur  in  epidemics, 
ch  the  essential  facts  about  the  mode  of  transmission  are 
>wn.  These  diseases  are  epidemic  cerebrospinal  menin- 
cuie  polio-myelo-encephalitis. 

PIDEMIC  CEREBROSPINAL  MENINGITIS 

eningococcus  Meningitis).     (Cerebrospinal  Fever). 

n  cerebrospinal  meningitis  refers  to  an  acute  infection  of 
leninges,  which  may  be  due  to  a  variety  of  microorganisms. 
:  bacteria  which  produce  the  lesions  of  acute  leptomeningitis, 
le  variety  which  produces  no  other  disease  process  in  the 
dy.  This  variety  of  meningitis  may  therefore  be  consid- 
cific  form,  and  on  account  of  its  tendency  to  occur  in  epi- 
le  term  epidemic  is  used  in  differentiating  it  from  other 
varieties  of  cerebrospinal  meningitis.  These  other  vari- 
lot  specific,  as  the  organisms  which  produce  them  can  also 
:r  disease  processes;  they  will  be  described  in  the  Division 
;s  of  the  Nervous  System, 

DGY.  The  Microorganism. — The  specific  organism  of 
meningitis  is  the  diplococcus  intracellidaris  meningitidis 
aunt),  or,  as  it  is  now  generally  designated,  the  meningo- 
he  organism  occurs  in  pairs,  and  closely  resembles  the 
s  in  its  biscuit-shaped  morphol<^.  It  is  Gram-negative, 
>  readily  with  methylene  blue,  and  with  other  basic  anilin 
is  found  in  the  meningeal  exudate,  and,  in  the  acute  stage 
ease,  is  always  present  in  the  cerebrospinal  fluid  obtained 
r  puncture.  In  recent  untreated  cases  the  cocci  are  both 
1  intracellular;  in  late  or  serum-treated  cases  they  are  chiefly 
lar.  The  coccus  is  sometimes  difiicult  to  grow  on  arti- 
ure  media.  It  grows  best  at  37°  C.  on  media  containing 
:  animal  serum,  such  as  blood-agar,  or  ascites-agar;  the  best 
is  asdtes-agar  to  which  some  glucose  has  been  added, 
leningococcus  is  extremely  sensitive  to  injurious  agencies 
ids.  It  dies  out  quickly  in  cultures  unless  frequently  trans- 
and  k  very  sensitive  to  light,  drying,  and  even  to  dilute 
lution.  It  has  never  been  found  outside  the  body.  It  is 
lon-pathogenic  for  animals,  except  young  mice  and  guinea- 
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Jieir  stxuggle  for  existence,  have  the  faculty  of 
to  time  new  powers  of  attack  and  defence.  They 
;reased  power  of  resistance  against  antagonistic  in- 
'O.  or  an  increased  power  of  developing  in  the  tis- 
irulence) .  The  work  of  Rosenow  with  the  strepto- 
ests  that  an  increase  of  virulence  may  take  place 
irypts.  It  is  conceivable  that  at  times  a  similar 
nee  may  take  place  in  the  meningococci  carried  in 
of  a  healthy  carrier.  This  is  the  best  available 
le  peculiax  features  of  the  transmission  and  epidemi- 
ic   cebrospinal  meningitis. 

JN. — On  account  of  the  unknown  facts  as  to  trans- 
ode  of  infection,  the  general  predisposition  toward 
ngitis  cannot  be  estimated.  The  disease  is  much 
>ng  cluldren  than  among  adults,  although  it  can  occur 
id  is  not  uncommon  in  young  adults.  About  50  per 
es  are  seen  in  children  under  the  age  of  five  years,  and 
cent  of  these  in  infants  under  one  year..  The  youngest 
e  seen  was  three  weeks  old. 

are  usually  seen  in  the  winter  and  early  spring,  and 
aporat^c  cases  also  occur  at  this  season.  In  Boston  the 
'St  prevalent  in  March,  April,  and  May,  and  is  very  rarely 
iummer  and  autumn. 

'. — On  account  of  the  peculiarities  of  the  incidence  of 
,  it  is  not  known  whether  an  attack  confers  any  lasting 

LOGICAL  ANATOMY.— The  lesions  produced  by  the 
s  intracellularis  are  not  s^wcific,  and  show  no  essential 
i  from  those  produced  by  other  organisms.  They  will  be 
under  Meningitis  in  the  section  on  Diseases  of  the  Nervous 

TOMS.— Epidemic  cerebrospinal  meningitis  presents  itself 
ere,  acute,  febrile  disease,  with  a  great  variety  of  symptoms 
;  to  the  lesions  of  the  central  nervous  system.  These  symp- 
e  most  conveniently  described  in  the  order  in  which  they  would 
d  by  a  phyacian  when  called  to  see  a  case  of  meningitis. 

HiSTOR-v.— In  taking  the  history  the  physician  should  inquire 
ilarly  as  to  the  onset,  fever,  headache,  other  subjective  symp- 
lomitii^,  convulsions,  and  the  mental  condition  of  the  patient. 
■  Onstt*  is  usually,  though  not  invariably,  extremely  sudden. 

is  ordmarily  suffidenlly  marked  to  have  been  noted  by  the 

I  Older  that  the  rauler  may  at  once  gain  an  idea  as  to  the  frequency  o 
vaiWK  lymptonu  and  sips,  those  which  occur  in  more  thaii  lialf  t 
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s  nearly  always  present  at  some  time  during  the  disease, 
ti  to  rigidity,  pain  on  motion  of  the  neck,  and  tenderness  to 
ire  often  found.  There  is  frequently  marked  retraction  of 
and  there  may  be  a  more  or  less  marked  opisthotonos. 
fnls  are  usually  contracted  in  the  early  stages  of  the  dis- 
e  in  the  later  stages  they  are  apt  to  be  widely  dilated.  The 
reaction  to  light  is  often  slu^ish,  and  in  very  severe  cases 
3e  absent.  Strabismus  is  a  rare  symptom.  Sometimes, 
in  the  later  courseof  the  disease,  blindness  maybe  detected; 
oscopic  examination  shows  it  to  be  due  to  optic  neuritis, 
or  congestion  of  the  fundus.  Photophobia  is  often  a  nota- 
■tom. 


Opisthotonos  in  meningitis 

mination  of  the  heart,  lungs  and  abdomen  reveals  nothing 
mal  beside  weakening  of  the  heart  sounds,  unless  some  com- 
lon  is  present. 

larked  lonk  spasm  of  the  muscles  of  the  extremities  is  a  common 
torn.  The  muscles  are  involved  to  a  variable  extent;  at  times 
e  limbs  are  very  rigid.  Attempts  to  move  the  limbs  may  cause 
;  plan.  Muscular  tremor  is  seen  at  times.  Actual  paralysis  of 
scle  or  group  of  muscles  is  rare  in  epidemic  meningitis,  an  im- 
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ises  of  epidemic  meningitis  may  be  divided  into  four 

'■aiing  type,  in  which  the  course  of  the  disease  is  so 
1  that  death  occurs  in  the  first  twenty-four  or  forty- 
fiese  patients  when  first  seen  are  ah^ady  in  an  ex- 

if  not  moribund,  condition,  with  profound  coma, 
ion,  and  signs  of  beginning  circulatory  failure. 
vpe,  in  which  there  is  an  early  development  of  severe 
n  which  the  course  of  the  disease  is  not  so  rapid  as 
ig  type.    There  is  a  pause  in  the  progress  of  the 

onset,  the  patients  remaining  in  statu  quo.  When 
tietits  are  either  unconscious  or  in  violent  delirium, 
1  condition. 

lype,  in  which  the  patients  when  first  seen  are  not 
are  either  very  apathetic  or  in  mild  delirium,  with 
il  condition. 

e,  in  which  the  patients  have  headache,  fever,  and 
ck,  but  are  perfectiy  radonal,  with  good  general 

in  epidemic  meningitis  are  apt   to  reach  their 

early  in  the  course  of  the  disease, 
on  deviations  from  the  symptoms  described  above 
,  in  whom  the  onset  is  often  less  sudden  than  in 
i  the  signs  pointing  to  irritation  of  the  central 
s  pronounced.  It  is  not  uncommon  in  infants  to 
he  symptoms  of  fever  and  clouding  of  the  men- 
of  the  neck  and  limbs  not  being  pronounced.  In 
ere  is  the  very  important  sign  of  tense  prominence 
'hich  is  almost  invariably  present  in  all  forms  of 

le  disease  has  been  much  influenced  by  senmi 
ription  which  will  be  given  here  applies  to  the 
e  as  it  was  observed  before  the  days  of  serum 
:  is  now  observed  in  cases  which  prove  resistant 
nent. 

J  type  death  invariably  occurred  within  twenty- 
ours,  and  even  with  serum  therapy,  most  cases 
type  die  before  the  serum  has  time  to  produce 

;  of  the  disease,  after  the  stormy  onset,  there 
r  variable  duration  in  which  there  is  not  much 
t's  condition.  In  the  majority  of  cases  of  this 
apparently  from  exhaustion,  within  the  first 
le  of  these  severe  cases,  however,  the  patients 
a  period  of  about  six  weeks  of  active  febrile 
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f  the  disease  may  be  either  present  or  absent,  and 
nnot  depend  upon  any  particular  symptom  or  set 
There  are  a  number  of  diseases  in  which  symptoms 
tation  are  part  of  the  clinical  picture.  In  many  of 
he  meningeal  irritation  may  produce  not  only  stimu- 
of  the  central  nervous  system,  but  may  even  produce 
:nsion  of  the  cerebrospinal  fluid.  This  condition  is 
IS  meningismus  as  d^tinguished  from  true  menin- 

is  no  actual  infection  of  the  meninges,  but  only  irri- 
is  produced  elsewhere.    In  many  cases  in  which 

meningismus  is  present,  the  clinical  picture  pre- 
■Jiat  of  epidemic  meningitis  in  every  way,  and  they 
guished  from  cases  of  meningitis  by  the  results  of 

IS  the  distributor  of  the  Flexner  serum  throws  an 
n  the  frequency  with  which  other  diseased  condi- 
for  cerebrospinal  meningitis.  During  the  period 
142  cases  of  cerebrospinal  meningitis,  I  was  also 
■r  serum  in  88  cases  which  had  been  diagnosed  as 
igitis,  but  which  proved  to  be  other  diseased  con- 
ny  form  of  meningitis.  The  diseases  which  thus 
;d  meningitis  as  to  lead  to  a  demand  for  serum, 
..48. 
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from  the  above  considerations,  that  ivitkout  lumbar 
agnosis  of  cerebrospinal  meningitis  is  absolutely  without 
itijic,  statistical,   or  therapeutic  purposes. 

FOR  Lumbar  Puncture. — The  importance  of  an  ac- 
is  in  suspected  cases  of  meningitis  is  so  great,  that  the 
tion  which  confronts  the  physician  in  every  case  is 
:  he  should  perform  lumbar  puncture.  Naturally  one 
:o  perform  a  useless  lumbar  puncture  in  cases  of  pneu- 
ro-intestinal  disease.  On  the  other  hand,  I  believe 
cian  is  seriously  to  be  blamed  if  a  case  of  meningitis 
re  early  diagnosis  and  proper  treatment.  In  every 
iny  of  the  symptoms  described  above  as  being  char- 
ningitis  are  present,  the  possibility  of  this  diagnosis 
nized.  The  indications  for  lumbar  puncture  in  such 
ummaiized  as  follows: 

t  of  a  careful  history  and  physical  examination,  the 
id  definite  evidence  of  the  existence  of  another  disease 
of  producing  the  meningeal  symptoms,  he  is  justified 

condition  as  the  cause  of  th£  symptoms,  and  lumbar 
idicated.    If,  on  the  other  hand,  the  physician  cannot 

evidence  of  any  other  disease  process  capable  of 
eningeal  symptoms,  immediate  lumbar  puncture  is 

:ained  by  lumbar  puncture  be  absolutely  clear,  epi- 
lal  meningitis  can  be  positively  excluded,  except 
ve  run  so  long  a  course  as  to  be  already  in  the  late 
"  the  fluid  be  cloudy,  the  physician  can  conclude 
f  meningitis  is  present,  and  as  the  form  caused  by 
s  is  the  commonest  which  produces  cloudy  fluid 
>est  to  conclude  that  the  case  is  one  of  this  type. 
3od-stained,  no  positive  conclusion  can  be  drawn, 
diagnosis  depends  upon  the  results  of  the  labora- 
>f  the  cerebrospinal  fluid,  the  technic  of  which  has 
escribed  in  Division  II.  For  a  positive  diagno^s, 
the  diplococcus  intracellularis  be  found  in  the  fluid, 
is  a  marked  predominance  of  polymorphonuclear 
iTti  of  any  kind  is  found,  it  is  best  also  to  assume 
poses,  that  the  case  is  one  of  epidemic  meningitis. 
Before  the  days  of  antimenlngitis  serum,  the 
Ji  different  epidemics.  The  mortality  at  different 
nt  localities  has  ranged  from  50  per  cent  to  100 
a;e  mortality  being  about  70  per  cent.  In  case,s 
rious  and  permanent  sequelae  were  observed  i^i 
nt.     Since  the  introduction  of  serum  therapy  the 
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use  of  serum.  The  prognosis  in  such  cases  depends  mainly 
r  Tnuch  damage  has  been  done  to  the  tissues  in  the  [)enod 
e  serum  is  first  given. 

TMENT.  Indications  for  Serum  Therapy. — The  ad- 
ion  of  antimeningitis  serum  is  indicated  in  every  case  of 
cerebrospinal  meningitis,  except  those  cases  which  have 
i  so  far  into  the  chronic  stage  of  the  disease  that  the  menin- 
.  is  no  longer  present  in'  the  cerebrospinal  fluid  obtained  by 
puncture.  If  the  physician  has  no  serum  at  hand  at  the  time 
i  makes  his  first  diagnostic  lumbar  puncture,  he  must  per- 
lit  until  he  can  obtain  the  serum,  and  will  have  time  to  con- 
;  diagnosis  by  the  laboratory  examination  of  the  cerebrospinal 
Whenever  it  is  possible,  however,  it  is  best  for  the  physician 
called  to  see  a  suspected  case  of  meningitis  to  carry  the  senmi 
nv,  so  that  he  can  administer  a  dose  at  the  time  of  the  first 

puncture-  It  is  true  that  at  this  time  the  diagnosis  cannot 
tWe\y  confirmed,  but  so  important  is  the  early  administration 

serum,  tisat  there  are  certain  conditions  which  warrant  its 
Aale  use  even  before  the  laboratory  examination  of  the  cerebro- 

fluid  is  itkade.    The  indications  for  giving  the  serum  at  the 

>f  the  first  lumbar  puncture  are  the  following: 

f  the  fluid  obtained  by  lumbar  puncture  shows  any  cloudiness  • 

ut  being  blood-stained. 

Wl\en,  with  blood-stained  fluid,  the  patient  is  severely  ill  with 

loms  strongly  suggestive  of  meningitis. 

th  either  of  these  conditions  the  immediate  administration  of 

1  is  warranted  without  waiting  for  the  results  of  bacteriological 

ination.     Further  injections,  of  course,  are  only  to  be  given  in 

the  laboratory  examination  of  the  cerebrospinal  fluid  confirms 
liagnosis  by  revealing  the  presence  of  the  diplococcus  intracellu- 
When  the  serum  is  not  at  hand  at  the  time  of  the  first  visit, 
le  laboratory  examination  of  the  fluid  confirms  the  diagnosis, 
m  should  be  obtained  and  used  as  soon  as  possible. 

ECHNIC  FOR  THE  AdMINISTRATIOK  OF  ANTIMENINGITIS   SeRUM. — 

antimeningitis  serum  is  injected  directly  into  the  spinal  canal. 
the  evidence  goes  to  show  that  the  subcutaneous  injection  of  the 
im  is  practically  of  no  vaiue  in  comparison  with  the  subdural 
ihod. 

ihe  technic  of  lumbar  puncture  has  been  described  in  Division  II. 
len  seium  is  to  be  administered,  as  much  fluid  as  possible  should 
allowed  to  escape.  The  withdrawal  should  be  continued  until  the 
id  is  runnbg  no  faster  than  four  drops  to  the  minute.  While 
:  fluid  is  mnning,  a  sterile  syringe  should  be  filled  with  the  proper 
se  of  serum,  which  has  previously  been  warmed  to  about  blood 
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to  be  employed  in  the  routine 
meningitis  with  serum: 

brmed  in  a  suspicious  case,  be 
e  cerebrospinal  fluid  withdrawn 
nun  immediately  and  without 
n.  The  next  doses  of  the  serum 
t4S  intracellularis  has  been  dem- 

rebrospinal  fluid  as  possible  at 

of  the  serum.    Thirty  c.c.  of 

instance  in  which  this  quantity 

ess  a  distinctly  abnormal  sense 

ncountered  after  as  much  serum 

removed.    When  the  amount  of 

oduce  a  larger  quantity  of  serum 

the  very  severe  or  fulminating 

without  reference  to  the  quan- 

ormal  resistance  is  encountered. 

ases  repeat  the  injection  of  serum 

soon  as  the  symptoms  intensify, 

onary,  after  the  lapse  of  the  first 

•alee  daily  injections  of  full  doses 
after  the  fourth  dose,  continue 
j::>^ared. 

Jxiding  fever  and  mental  impair- 

disappeared,  or  after  the  four 

^sment  is  not  progressing,  wait 

ary,  and  then  repeat  the  four 

-SL^e  become  worse  before  the 

should  be  resumed  imme- 

ther  by  reappearance  of  the 
^  ^crudescence  of  the  symptoms, 
t^rvals  are  to  be  repeated  and 

onducted  as  for  the  origmal 

XJowed  until  the  patient  Is  free 

.pear   from  the   cerebrospinal 

supervenes.    The  serum 

:»iic  stages  in  which  the  diplo- 

When  the  condition  of  hydro- 

tion  of  senun  into  the  spinal 


In  the  ni 
each  lumbal 
in  spite  of 
dry  tap.  V 
puncture,  n( 
is  no  assura 
but  even  tii 
can  only  re| 
obtaining  fit 
and  the  trea 


dry  taps  are  i 
and  the  pby$ 
nosis  of  epidi 
jections  of  sei 
serum  can  be 
obtained  by  h 
arises,  I  belie\ 
heroic  treabne 
confirmed,  the 


RpiDEHic  Cebebrospinal  Meningitis  637 

majority  of  cases  cerebrospinal  fluid  can  be  obtained  at 
bar  puncture.  Occasionally,  however,  most  often  in  infants, 
of  the  most  careful  technic,  lumbar  puncture  results  in  a 
When  a  dry  tap  is  obtained  at  the  first  diagnostic  lumbar 
,  not  only  can  serum  therapy  not  be  employed,  because  there 
urance  that  the  serum  is  going  into  the  cerebrospinal  canal, 

the  diagnosis  is  left  in  doubt.  In  such  cases  the  physician 
"  repeat  the  lumbar  puncture  in  the  hope  of  subsequently 
g  fluid.  In  the  meantime  no  specific  therapy  can  be  used 
treatment  must  be  wholly  symptomatic.    Usually,  however, 

Fic,  131 


Tappinj;  the  cerebral  ventricle 

ips  are  not  encountered  until  later  in  the  treatment  of  the  case, 
he  physician  is  proceeding  under  the  assurance  that  the  diag- 
of  epidemic  meningitis  has  been  established.  Intraspinal  in- 
ns of  serum  in  such  cases  are  apt  to  be  of  no  use,  because  if 
1  can  be  properly  injected  into  the  spinal  canal,  fluid  should  be 
ned  by  lumbar  puncture.  In  infants  with  whom  this  condition 
i,  I  believe  that  the  physician  is  justified  in  undertaking  more 
c  treatment.  The  diagnosis  of  epidemic  meningitis  having  been 
raied,  the  prognosis  in  a  child  under  two  years  is  absolutely 
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aer  of  cases  the-effect  of  the  serum  upoD  the  cere- 
hovrn  in  the  progressive  diminution  and  gradual 
the  diplococcus  intracellularis  in  the  successive 
ed.  Nevertheless  the  symptoms  of  the  disease, 
;r,  are  not  notably  affected.  In  such  cases  it  is 
ne  mechanical  obstacle  exists  which  prevents  the 
ling  the  portion  of  the  central  nervous  system  in- 
<ease.  Some  area  is  probably  shut  off,  and  in  this 
ms  continue  to  multiply  and  to  produce  symptoms. 
X  found  at  autopsy  a  closure  of  the  foramen  of  Ma- 

Fig.  133 


n^Aion  ol  the  needle  through  (he  foatanelle  in  tapping  the  cercbml  ventricles 

by  scar  dssue,  and  the  ventricles  thus  shut  off  were  full  of 
cci.  In  such  a  case  the  intraventricular  injection  of  serum 
a\«)  be  indicated.  Whenever  this  condition  of  disappearance 
organisms  from  the  cerebrospinal  fluid  without  relief  of  symp- 
xcuis  in  an  infant,  I  believe  that  the  cerebral  ventricle  should 
)ped,  and  if  the  fluid  thus  obtained  reveals  the  presence  of  the 
:o«usinlraceUu]aris,  serum  should  be  injected  into  the  ventricles. 
I  organisms  are  found  m  the  ventricular  fluid,  nothing  further 
be  done  mth  serum  therapy,  and  vaccine  therapy  should  be 
loved.   In  older  children  in  whom  this  condition  arises,  intra- 
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ventricular  injections  are  not  warrant^*!,  and  the 
inent  zszSiziAt  is  that  with  vaccines. 


hy 


dS 


„ ^ .  _^ are  foUo^^** 

ance  of  the  organism  from  the  cerebrospinal  fluid  and  ^y 
fall  in  the  temperature  to  the  normal,  the  persbtcnce  ^ 
toms  means  that  the  patient  is  suffering,  not  from  ^ 
active  infection,  but  from  the  results  of  the  organic 
by  the  foregoing  infection-      In  other  words,  the  ^^^^^^^^Zg^t^ 
in  stamping  out  the  disease,  but  the  damage  to  the  <^^^     *- 

is  stiflicient  to  cause  a  continuance  erf  s>inptoms-      ^^ 

symptoms  may  be  due  to  an  increased  formation  ^  proper 
fluid,  which  may  persist  for  a  conaderabie  time.  '^^^^re.  made 
ment  of  thb  t>T>e  of  case  is  frequent  lumbar  P**^^^fluid    and 

°^  ^^*»^«^*^^  fluid -. 

r^*,  and  if  a.t 


1 

r 

ca: 


the  idea  of  withdrawing  the  excess  ^.  v^*  cLrru;>p***— ,     I  /?  W    - 
relieving  the  pressiwe.     All   specimens  of  cerebrc^:^!^'^?^^^  ^ 

be  carefully  examined  for   the  presence  of  diploco^^'  ^ 
time  organisms  should  reapp)ear,  intraspinal  in/ectioi:^0|/sfnm\  ^' 
be   begun  at  once,  and   continued  until    the   <iisan/v^  /1^ 

organism,  or  until  the  physician  is  convinced  that  th^^'^CC   ^  * 
has  suoervened.  ^^tro^,.- 


has  sup)ervened. 

The  most  resistant  type  of  case  is  that  in   which 


^nic 


seruxu 


produces  no  appreciable  eff'ect  either  upon  the  s>'rnpt  '^^^^  ^^^ 
the  organisms  in  the  cerebrospinal  fluid.  The  question  aW^^  ^^  ' 
we  should  continue  to  give  the  senun  indefinitely  in  si^h^  ^^e? 
believe  that  if  after  four  to  six  successive  daily  injection  ^^^^^^ 
whatever  is  observed,  there  is  little  good  to  be  expected  f  ^  ^^^ 
tinued  serum  therapy.  This  type  is  seen  most  often  in  ^^  ^^^ 
cases.  The  probable  cause  of  the  condition  is  that  these  ^^^'^ 
produced  by  a  resistant  or  "fast**  type  of  bacillus  which  '^^ 


are 
as 


be  influenced  by  serum  therapy.     These  cases  should  be         ^^^ 
described  for  the  chronic  stage.  ^""eatecl 

Treatment  of  the  Chronic  Stage.— The  chrom'c  sta 
demic  meningitis  is  seen  in  cases  m  which  the  disease  has      •  ^^    ^Pi- 
a  considerable  time  before  serum  therapy  was  instituteH^^^^^  for 
in  cases  which,  for  one  of  the  reasons  given  above   are       ^^^  aJso 
serum  therapy.     In  this  chronic  condition  the  patient!  ^^^^^Ht  to 
have  symptoms,  and  the  predommating  symptoms  are  rhn''''^'^Ue  to 
cranial  pressure.     The  pupils  are  usually  dilated,  headaoK^  ^^  intra! 
severe,  and  clouding  of  the  mentaUty  is  more  or  l^ss  mS  ^^  ofV^n 
"ig  to  the  severity  of  the  case.    Any  of  the  other  sS^'  ^CclU 
dmeasc  may  persist.     The  temperature  is  at  Umes  n^l>^  of^^he 
times    irregularly    elevated.    Lumbar    puncture   usuaUv    '  ^^  Ofv^^^ 
excessive     quanUty    of    cerebrospmal    flui^      TYve   ftuid  .^^'^s^^ 
course  of  s^ch  a  chronic  case  is  usually  at  tirti^s,  clear,  at  otu^^R     ^'^ 
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able  number  of  cells.  While  the  polynuclear 
te,  there  is  a  greater  proportion  of  mono- 
the  acute  stage.  The  number  of  meningo- 
liso  varies  from  time  to  time;  some  specimens 
of  organisms,  others  contain  either  no  organ- 

princi[)al  pathological  lesion  is  hydrocephalus, 
present  in  this  stage  of  the  disease.  Three 
in  the  treatment  of  these  chronic  cases:  (i) 
intraspinal  serum  injections;    (3)    vaccine 

it  of  fluid  obtained  by  lumbar  puncture  con- 
y  excessive,  the  puncture  should  be  repeated 
ich  the  amount  of  fluid  is  not  continually 

should  be  performed  at  less  frequent  inter- 
ng  guided  by  the  symptoms  shown  by  the 

puncture  whenever  they  tend  to  grow  worse, 
t  serum  at  each  lumbar  puncture  in  this  stage 
I  therapy  produces  its  effect  comparatively 
tant  cases  more  benefit  is  to  be  expected  from 
from  the  use  of  serum.  It  is  true  that  there 
g  as  meningococci  continue  to  be  present  in 

some  benefit  is  to  be  expected  from  the  use 
s  I  believe  that  in  the  first  enthusiasm  over 
;quent  injections  were  made  in  this  chronic 
ough  attention  was  paid  to  the  treatment  of 
the  relief  of  pressure.  It  is  wise  to  give  an 
serum  so  long  as  organisms  are  present,  but 
.he  injections  should  be  much  longer  than  in 
isease,  and  at  least  two  out  of  three  punctures 
iolely  for  the  purpose  of  relieving  pressure 
of  serum.  In  my  opinion,  frequent  lumbar 
important  measure  in  the  treatment  of  the 
nic  cerebrospinal  meningitis. 
:  the  disease  vaccine  therapy  gives  little  pros- 
larison  with  serum  therapy.  When,  however, 
;  disease  has  developed,  I  believe  that  vaccine 
;d  as  a  routine.  I  have  seen  a  number  of  cases 
ry  resistant  to  serum  therapy  but  in  which 
illowed  by  recovery.  An  autogenous  vaccine 
5  taken  from  the  cerebrospinal  fluid  of  the 
id  should  be  used  in  all  cases,  if  the  physician 
:  of  preparing  the  vaccine.  When  autogenous 
,  a  stock  meningococcus  vaccine  may  be  tried. 
■  50,000,000,  and  the  doses  should  be  gradually 
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le,   there  is  no  evidence  pointing  toward  any  value  in 

ptoms  which  call  for  special  treatment,  the  most  promi- 
ain,  which  when  severe  requires  morphin,  sometimes  in 
ioses.  Other  nervous  symptoms,  such  as  delirium  or 
are  treated  with  bromides,  trional,  sulphonal,  or  chloral. 
:  drugs,  I  should  place  the  bromides  in  the  first  rank  in 

rigidity  of  the  Umbs  is  the  second  symptom  of  impor- 
ring  treatment.  The  bromides  are  decidedly  the  best 
Dmbatting  this  symptom,  and  should  be  given  in  doses 
large  to  produce  a  visible  result.  If  the  bromide  is  vom- 
ot  well  taken  by  mouth,  or  disturbs  digestion,  it  may  be 
:ctum.  Convulsions  also  are  best  met  by  the  administra- 
»mide,  preferably  by  the  rectum.    If  the  convulsions  are 

severe,  and  repeated,  chloral  should  be  given  by  rectum 
n  to  bromide.  At  times  prolonged  severe  convulsions 
lalations  of  ether. 

y  cases,  stimulants  are  required  at  some  time  in  the  coiu'se 
iease.  They  are  indicated  when  there  is  weak,  rapid,  or 
pulse,  or  stertorous  respiration.     I  beheve  that  caffeine  is 

drug  under  these  circumstances.  At  times  digitalis  or 
Jnvs  produces  good  results.     Strychnin  should  not  be  used, 

case  of  collapse  following  the  administration  of  the  senun. 
ohol,  the  weight  of  modern  opinion  appears  inclined  to  deny 
imulant  value.  Nevertheless,  I  believe  alcohol  is  frequently 
ble  addition  to  the  treatment  of  cerebrospinal  meningitis, 
irly  in  prolonged  cases,  with  marked  emaciation.  Possibly 
e  lies  in  its  aiding  the  nutrition. 

he  residual  paralysis,  which  was  formerly  a  common  sequel 
enuc  meningitis,  but  which  is  only  rarely  seen  under  serum 
-,  massage,  wami  baths,  and  friction  should  be  employed; 
ity  should  be  used  only  when  all  symptoms  of  central  irrita- 
ive  subsided. 

POLIOMYELOENCEPHAHTIS 

(Infantile  Paralysis).     (Acute  Anterior  Poliomyelitis). 
s  is  an  acute  infectious  disease  with  characteristic  lesions  in 
entral  nervous  system,  due  to  a  filterable  virus,  and  occurring 

in  epidemics  and  sporadically, 

,e  earliest  clinical  studies  of  the  disease  were  those  of  Heine  in 
,  who  called  it  "infantile  spinal  paralysis."  Knowledge  of  its 
athological  anatomy  began  with  Charcot's  observations  on  the 
rior  horns  of  the  spinal  cord,  and  it  was  from  these  lesions  that 
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lan  beings  and  monkeys,  the  virus  is  present  in  the 
1  the  mesenteric  lymph  nodes,  and  in  the  tonsils 
IS  a  strong  elective  affinity  for  the  tissues  of  the 
>hatic  systems,  and  is  highly  concentrated  in  the 
i  in  human  beings  is  not  present  either  in  the  blood 
)inal  fluid,  but  has  been  found  in  the  blood  of  ex- 
ted  monkeys.  It  has  been  demonstrated  in  the 
persons  who  have  been  in  contact  with  poliomye- 
nts,  and  it  is  probable  that  it  can  exist  in  a  virulent 
iod  in  such  virus  carriers.    Carriers,  are,  however. 

The  mode  of  transmission  at  the  present  writing, 
7)  is  still  unknown.  There  is  probably  Uttle  doubt 
the  disease  comes  from  some  preSxisting  human 
il  obstacle  encountered  in  studying  the  mode  of 
fact  that  the  portal  0/  entry  for  the  virus  has  not 
The  virus  can  leave  the  body  in  the  secretions 
d  nasal  cavities,  and  the  presence  of  the  virus  in 
its  that  the  portal  of  entry  may  be  the  lymphatics 
liis  theory  has  not  been  proven,  although  some 
monkeys  by  scarification  and  inoculation  of  the 
have  succeeded, 
held  as  to  the  mode  of  transmission  in  polio- 

y  is  that  the  disease  is  spread  by  personal  con- 
igiousness  of  the  disease  suggests  that  the  con- 
idirect  than  direct.  The  demonstration  of  virus 
t  the  means  of  transmission  in  indirect  contact 
ly  person,  but  in  view  of  the  longevity  of  the 
y,  transmission  by  contaminated  objects  remains 

jry  is  that  the  disease  is  transmitted  by  means 

leories  has  been  conclusively  proven  to  be  true, 
d  against  each  theory  will  be  reviewed  under 
ch. 

f  of  personal  contact  is  true  or  not,  it  is  a  fact 
it  very  contagious.  It  is  very  rare  that  a  case 
.litis  can  be  directly  traced  to  a  pre&dsting 
in  of  cases  in  epidemics,  in  which  the  country 
spulated  areas  often  show  a  greater  prevalence 
he  densely  populated  centers,  is  suggestive  of 
^ousness.  More  than  one  case  in  a  family  is 
1   such  instances  do  occur,  both  children  are 
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•e  been  seen  in  most  civilized  countries.  There 
Swedish  epidemic  of  1911. 
disease  has,  since  1907,  been  epidemic  every 
»[  the  country.  Some  of  these  epidemics  have 
)aratively  limited  localities,  or  to  the  country 
:t  a  certain  city  and  its  surroundings.  The 
16  in  New  York,  which  involved  the  city  and 
ite,  is  the  second  visitation  since  1907.  The 
a  Boston  and  its  vicinity  in  1909.  Since  then 
1  smaller  epidemics  in  other  parts  of  the  state, 
isease  is  very  prevalent  in  Boston,  throughout 
jsetts,  and  in  the  adjoining  states. 
ANATOMY. — The  virus  of  poliomyeloencep- 

a  predilection  for  the  tissues  of  the  central 
t  is  there  that  the  characteristic  lesions  of  the 
ght.  The  primary  lesion  is  a  form  of  lepto- 
.ts  in  a  round  cell  in&Itration,  which  is  most 
cular  lymph  spaces  of  the  arteries  which  enter 
1  and  spinal  cord.  This  perivascular  inflamma- 
ry  lesions,  such  as  edema  and  hemorrhage,  in 
ssels.  The  changes  which  taie  place  in  the 
e  secondary  to  the  vascular  lesions  of  the  dis- 
ty  is  determined  by  the  extent  and  intensity 
ement.  The  changes  which  occur  in  the  nerve 
degenerative.  The  reason  that  the  anterior 
rd  are  most  involved  is,  that  the  arteries  which 
t;  the  reason  the  cervical  and  lumbar  enlarge- 

the  most  frequent  seat  of  lesions  is,  that  those 
abundant  blood  supply.     Following  the  degen- 

nerve  cells  occurs  a  parenchymatous  degenera- 
fibres.  Any  part  of  the  central  nervous  system 
he  tedons  of  poliomyelitis,  and  the  distribution 
{  variable.  It  is  true  that  in  the  majority  of 
is  the  part  most  involved,  but  exactly  the  same 
may  be  seen  in  any  part  of  the  brain,  involving 
and  the  white  matter.  In  fatal  cases  it  is  usual 
f  the  entire  cord  with  its  pia  mater,  of  the  entire 
id  pons,  of  the  basal  ganglia,  and  often  of  the 
The  extent  of  involvement  of  the  tissues  of  the 
m  is  always  much  greater  than  would  be  sup- 
cal  manifestations,  and  even  in  comparatively 
areas  are  affected.  It  is  quite  evident  from  this 
term  poliomyelitis  is  in  no  way  descriptive  of 
he  pathological  process,  and  that  the  term  polio- 


The  Acute  !■ 
general  resemblr 
or  influenza.  1 
of  fever  and  aci 
great  majority 
three  days.  T 
because  it  is  co 
persists  from  tw  i 

The  sympton 
cases  nothing  is 
infection  such  a 
At  the  other  exti . 
a  clinical  picturt 
are  all  sorts  of  g 

In  general,  tb< 
into  three  groups : 
general  infection 
body  involved, 
due  to  the  affect 
toms. 

The  most  com 
Fever,  vomiting, 
The  most  commc  i 
irriution,  are  ke  . 
sums,  photophobi 
motion  or  kypere  ■ 
third  group  are,  i 
flexes.    These  1^1 

It  must  be  ren 
in  any  way  chara 
above  may  all  U 
every  posable  C( 
appearance  of  pai 
toms  suggesting 
irritation.  The  c  i 
week,  but  may  n.  i 
ture  varies  tnjm , 
acteristic. 

The  PAJuiYn. 
in  all  but  the  abo 
of  the  voluntary  , 
first  manifest  is  ve  ■ 
of  the  acute  sUge 
ence,  it  usually  a  , 


OUOJTVELOENCEPHAUTIS  649 

—The  onset  of  the  disease  is  sudden  and  in 
>nset  of  any  acute  infection,  such  as  tonsillitis 
ation  of  the  acute  stage,  that  is,  the  period 
nptoms,  is  from  one  to  seven  days.  In  the 
s  paralysis  appears  at  some  time  in  the  first 
te  stage  really  overlaps  the  paralytic  stage, 
d  to  last  as  long  as  the  fever,  which  usually 
;ven  days, 

he  acute  stage  are  very  variable.  In  some 
:d  except  the  most  usual  symptoms  of  an  acute 
:,  loss  of  appetite,  and  apathy  or  irritability. 
I  the  symptomatology  of  the  acute  stage,  is  seen 
h  much  resembles  that  of  meningitis.  There 
ons  between. 

ptoms  of  the  acute  stage  may  be  subdivided 
Symptoms  which  are  manifestations  merely  of 
out  definite  connection  with  the  part  of  the 
mptoms  of  meningeal  irritation.  3.  Symptoms 
f  the  nerve  cells,  namely,  the_  paralytic  symp- 

symptoms  in  the  first  group  are  the  following: 
:sness,  apathy,  and  general  muscular  weakness. 
nptoms  in  the  second  group,  those  of  meningeal 
€,  rigidity  of  the  neck,  delirium,  stupor,  convul- 
spkagia,  sluggish  pupils,  general  pain,  pain  on 
a,  and  cold  extremities.  The  symptoms  of  the 
lysis  and  the  attendant  disturbance  of  the  re- 
described  under  the  paralytic  stage. 
ered  that  no  symptom  or  group  of  symptoms  is 
itic  of  the  disease.  The  symptoms  enumerated 
sent  or  absent,  and  when  present  may  exist  In 
nation.  In  the  majority  of  cases,  before  the 
is,  the  physician  is  confronted  by  certain  symp- 
'  an  acute  infection,  possibly  with  meningeal 
lion  of  these  symptoms  is  usually  not  over  a 
e  more  than  twenty-four  hours.  The  tempera- 
te 106°,  and  the  fever  curve  is  in  no  way  char- 

TACE. — During  the  acute  stage  of  the  disease, 
e  type  to  be  described  below,  signs  of  paralysis 
icles  appear.  The  period  at  which  paralysis  is 
variable;  it  may  appear  at  any  time  in  the  course 
>m  the  first  to  the  seventh  day.  In  my  experi- 
sars  within  the  first  three  days.    It  is  rather 
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ck.,  abdomen,  and  back.  It  must  be  remembered 
there  is  paralysis  in  the  neck,  abdomen,  and  back, 
>  of  tlie  extremities,  and  that  only  single  muscles 
.  When  the  deep  muscles  of  the  neck  are  affected, 
le  to  hold  up  its  head.  When  the  accessory  muscles 
re  affected  the  breathing  is  wholly  diaphragmatic, 
diaphragm  is  rare  in  this  type. 

Fig.  134 


AntdioT  poliomyttids  Anterior  poliomyelitis 

Lettltg  Abdominal  muscles,  left  side 

Yeraale,  9  yean  old  Female,  a>i  yeara  old 

^e  paralysis  in  this  fonn  of  the  disease  is  characteristic  of  that 
:  to  a  Won  of  the  lower  motor  neuron,  and  is  accompanied  by 
i  oi  the  deep  reflexes  and  flaccidity,  and  is  followed  by  the  reaction 
degeneration  and  muscular  atrophy.     ^ 
Ititivepeatmajorityof  cases  of  this  type,  the  maximum  disability 
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three  oculomotor  nerves  (third,  fourth,  and  sixth 
shoTwri  by  strabismus,  double  vision,  and  some- 
he  eyelid.  The  first  sign  of  paralysis  of  the  hypo- 
lally  difficulty  in  talking,  with  a  "pudding-mouth 
:a.Trunation,  difficulty  in  using  the  tongue  is  seen. 
:a.ses  there  is  difficulty  in  swallowing,  which  may 
,  that  no  food  can  be  swallowed.  The  vagus  is 
volved,  but  I  have  seen  cases  in  which  the  first 
asal  voice  with  regurgitation  of  liquids  through  the 
sis  of  the  muscles  of  the  pharynx,  and  also  cases  in 
mptom  was  loss  of  voice  from  paralysis  of  the  move- 
cal  cords, 

y  exist  alone  or  with  a  paralysis  of  the  extremities, 
cases  of  this  form  which  I  have  seen,  the  paralysis 
.sively  bulbar,  or  else  only  paralysis  of  the  deep  mus- 
:.  was  present  in  addition.     Bulbar  paralysis  is  some- 

0  extension  downward  of  the  process  to  the  diaphrag- 

1  have  never  seen  a  fatal  ending  in  cases  characterized 
I  the  facial  and  oculomotor  nerves  without  paralysis 
ossal  nerve.  When  the  latter  nerve  is  affected,  the 
ile  often  recovered  from,  is  also  often  fatal.  When 
t  occur  in  bulbar  paralysis,  the  prognosis  as  to  complete 

function  is  very  favorable. 
PHALiTic  Type. — This  form  is  seen  when  there  is  ex- 
vement  of  the  cerebrum.  The  clinical  picture  is  very 
.  in  general  this  type  resembles  the  more  acute  forms  of 
menin^tis,  which  are  sometimes  seen  in  infants.  The 
.ally  with  fever  and  vomiting,  after  which  there  is  rest- 
lirium,  and  finally  increasing  apathy,  which  may  deepen 
Convulsions  are  not  uncommon  in  this  tj-pe,  and  the 
eaction  is  often  sluggish.  The  paralysis  is  difficult  to 
he  cerebral  fonn  of  poliomyeloencephalitis.  It  is  due  to 
the  upper  motor  neuron,  and  is  of  the  spastic  type.  Spastic 
is  difficult  to  detect  on  physical  examination  in  infants. 
ysis  may  not  be  very  marked,  and  the  amount  of  muscular 

very  variable.  The  most  careful  physical  examination 
e  the  physician  in  doubt  as  to  whether  the  spasm  which  is 
is  only  symptomatic  of  meningeal  irritation,  or  whether 
dual  paralysis.  Careful  observation  on  the  part  of  a  trained 
it  will  often  reveal  that  some  movements  are  not  properly 
^.  Nevertheless,  this  type  is  extremely  difficult  of  diag- 
nd  is  often  diagnosed  as  tuberculous  meningitis,  the  true 
oi  the  disease  only  becoming  evident  when  recovery  ensues. 
y  of  the  neck  and  Kernig's  sign  are  usually  absent  in  this 
n  contradistinction  to  the  meningitic  form  described  below. 
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In  this  type  the  gi 
tions,  may  be  pi 
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symptoms,  QaiQe. 
recognition  of 
symptoms,  ho^e' 
ence  is  str*ongly 
localizatioi*  for  1 
absence  dc^es  no 
Most  cases,  of  th( 
go  with  an  3"  of  t[ 
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The  diagnosis,  y 
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The  Blood.— 
the  blood  in  poj; 
a  decrease  in  ^j,^ 
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no  change,  i^  ^ 
changes  in  the  b|, 
penia,  or  at  any 
with  a  relative  Iv 
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of  practical 
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ns  are  pain  in  the  back,  rigidity  of  the  neck, 
a  tendency  to  opisthotonos,  p9sitive  Kernig's 
gish  pupils  and  a  mental  condition  varying 
)r.  The  clinical  picture  presented  resembles 
lidemic  cerebrospinal  meningitis.  The  devel- 
aralysis  which  may  involve  any  part  of  the 
o  the  correct  diagnosis,  and  even  the  presence 
^ans  a  positive  sign,  because  it  may  be  present 
;itis.  One  point  which  I  have  found  of  value 
il  meningitis  the  paralysis  is  usually  shifting 
to  day  or  even  from  hour  to  hour,  whereas 
itis  paralysis,  once  it  has  developed,  is  usually 
sis  is  a  comparatively  rare  symptom  in  the 
agitis.  The  prognosis  in  this  form  as  in  other 
vhether  or  not  the  respiratory  centers  become 
i.  The  majority  of  cases  of  this  type  recover. 
:. — It  is  very  difficult  to  give  a  clinical  descrip- 
rms  of  the  disease.  We  know  that  such  forms 
nee  of  an  epidemic,  or  of  a  marked  prevalence 
netimes  possible  to  recognize  an  abortive  case, 
il  symptoms  of  the  disease  with  all  their  varia- 
.t  without  the  development  of  paralysis.  A 
■itten  about  the  importance  of  a  triad  of  early 
seating,  irritabiUty,  and  hyperesthesia,  in  the 
ive  cases  of  poliomyeloencephalitis.  These 
ire  by  no  means  constant,  although  their  pres- 
ivor  of  poliomyeloencephalitis  when  no  other 
ifectious  process  can  be  demonstrated.  Their 
;  out  an  abortive  form  of  infantile  paralysis. 
:tive  type  present  a  clinical  picture  which  might 
ognized  acute  infections,  and  infantile  paralysis 
cted  because  of  the  presence  of  an  epidemic. 
'er,  can  often  be  confirmed  by  the  results  of 

lod  deal  has  been  written  about  the  changes  in 
eloencephalitis.  Some  observers  have  reported 
icocyte  count  during  the  acute  stage.  Others 
rease,  while  still  others  have  reported  little  or 
imental  poliomyeloencephalitis  in  monkeys,  the 
appear  to  be  more  constant.  There  is  a  leuko- 
,  an  absence  of  leucocytosis  in  the  acute  stage, 
locytosis.  The  changes  in  human  beings  appear 
itant  and  are  not  sufficiently  pronounced  to  be 
the  diagnosis  of  the  disease. 
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ind  fluids;  the  character  of  the  respiration, 
;  being  particularly  signiflcant;  the  ability 
s  head;  the  resistance  of  the  limbs  to  passive 
erized  by  flaccidity  or  rigidity;  the  power  to 
y  movements  which  it  is  possible  to  get  the 
csence  or  absence  of  pain  on  passive  motion 
cter  of  the  reflexes.  If  all  these  points  be 
iis  when  present,  will  not  be  overlooked. 
la  is  in  doubt  as  to  whether  or  not  paralysis 
i  in  the  acute  stage  of  the  disease  can  only 
.  of  limibar  puncture. 

whether  a  clinical  diagnosis  of  poliomyelo- 
de  before  the  appearance  of  a  recognizable 
to  this  question  is  most  emphatically  that 
the  history  and  physical  examination  cannot 
rnt  also  applies  to  the  diagnosis  of  the  abor- 
When  poliomyeloencephalitis  is  prevalent, 
ists,  the  physician  can  often  suspect  the  pos- 
:ephalitis  before  the  appearance  of  paralysis, 
e  can  only  confirm  his  suspicion  by  the  results 

sis.^The  examination  of  the  cerebrospinal 
ar  puncture  gives  the  most  valuable  obtain- 
liagnosis  of  poliomyeloencephalitis.  In  the 
ise,  whether  or  not  paralysis  has  developed, 
irances  in  the  cerebrospinal  fluid  are  practi- 
nding  of  a  normal  cerebrospinal  fluid,  that 
in  formation  and  with  a  normal  cell  count, 
definitely  to  rule  out  jxjliomyeloencep'halitis 
le  disease.  When,  however,  a  fibrinous  clot 
lumber  of  lymphocytes  are  foimd  in  the  cere- 
is  that  the  case  is  either  one  of  poUomyelo- 
rulous  meningitis.  In  deciding  between  these 
sician  must  be  guided  by  the  other  clinical 
d  by  whether  or  not  tubercle  bacilli  can  be 
id. 

imination  of  the  cerebrospinal  fluid  obtained 
of  such  great  importance  in  the  diagnosis  of 
does  not  necessarily  mean  that  diagnostic 
cated  in  every  case.  The  question  must  now 
!  the  indications  for  diagnostic  lumbar  punc- 
;  of  infantile  paralysis?  If  the  disease  had  a 
jpedfic  therapy,  the  value  of  which  depended 
s,  there  would  be  no  doubt  that  diagnostic 
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tneiimothorax,  and  pyo-pneumothorax  are  all  very  rare  lesions 
tuberculosis  of  early  life. 

Intestine. — The  fully  developed  lesion  in  the  intestine  is  a 
ulcus  ulceration.  In  their  early  stages,  small  yellowish  tuber- 
tpear  upon  the  mucous  membrane,  usually  in  the  region  of  the 
s  patches.  The  ulcers  are  irregular  in  shape,  the  long  axis 
at  right  angles  to  that  of  the  intestine.  They  have  raised, 
nined  edges,  with  ragged,  greyish  bases  covered  with  granula- 

Ro.  137 


Tuberculous  ulceration  of  the  in 
is  ulcer  represented  the  primaiy  lesion  in  this  case,  but  is  histologically  indis- 
ishable  from  secondary  intestinal  ulcers  originating  front  swallowed  spu turn- 
On  the  peritoneal  surface,  there  is  a  congestion,  and  usually 
llection  of  small  yellowish  nodules  over  the  seat  of  the  ulcer. 

ulcers  may  involve  only  the  mucosa,  or  may  extend  into  the 
er  layers.  Perforation  is  comparatively  rare,  and  when  it  does 
r,  is  not  into  the  general  peritoneal  cavity,  as  a  localized  inflam- 
on  forms  adhesions.    The  ulcers  may  heal  by  fibrous  cicatriza- 

causing  puckering  of  the  intestinal  wall,  and  sometimes  narrow- 
)f  the  lumen. 

lere  is  no  anatomical  distinction  between  tuberculous  ulcera- 
oE  the  intestine  representing  the  primary  lesion,  and  that  second- 
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strewn  with  discrete  or  conglomerate  tubercles,  and  shows 
of  inflammation.  There  is  congestion,  some  fibrin  forma- 
a  profuse  serous  exudate,  which  usually  gives  rise  to  a 
scites.  This  form  is  caused  by  extension  of  the  infection 
ns  of  the  intestine  or  of  the  mesenteric  lymphnodes. 
nmonest  form  is  produced  in  the  same  way,  by  extension, 
ch  less  acute  than  the  ascitic  form.  There  is  tuberculous 
ion  of  the  peritoneum,  in  the  products  of  which  efforts 
take  place,  by  the  formation  of  fibrous  tissue.  The  result 
rous  adhesions,  which  bind  the  intestinal  coils  one  to  an- 
I  to  the  omentum,  viscera,  and  abdominal  walls.  There 
rous,  sero-purulent,  or  purulent  exudate.  There  is  usually 
)rous  thickening  of  the  omentum.  In  the  fibrous  exudate 
lie  intestines,  and  in  the  mesentery  and  omentum,  there 
seous  nodules,  or  large  caseous  masses,  some  of  which  may 
ning,  and  may  even  cause  abscesses  opening  externally. 
:  Metastatic  TuBERCULOSis.^These  lesions  are  caused  by 
ission  through  the  blood  stream  of  tubercle  bacilli,  which 
nic  tuberculosis  in  various  parts  of  the  body.  The  com- 
m  of  this  variety  of  tuberculosis  is  the  well-known  tuber- 
^ase  of  the  bones  and  joints.  Other  examples  are  the 
lercles  sometimes  seen  in  the  brain  and  liver. 
liLiARY  Tuberculosis. — This  is  a  common  termination 
JUS  infection  in  infancy  and  early  childhood.  It  is  caused 
)read  general  dissemination  of  the  tubercle  bacilli  through 
itream.  Numerous  small  miliary  tubercles  are  found  in 
ins.  The  organs  most  commonly  involved  are  the  lungs, 
,  and  spleen.  At  times  miliary  tubercles  are  found  in 
,  adrenals,  heart,  and  other  organs, 
ns  in  the  brain,  which  primarily  involve  the  meninges, 
ing.  In  some  cases,  the  surface  of  the  brain  is  more 
ily  studded  with  miliary  tubercles,  without  evidence  of 
ween  the  tubercles.  This  is  strictly  a  miliary  tuber- 
he  meninges,  rather  than  a  tuberculous  meningitis,  al- 
two  conditions  have  the  same  clinical  manifestations. 
;es  there  is  in  addition  to  the  miliary  tubercles  more  or 
e  inflammatory  exudate,  showing  itself  either  by  cloudi- 
he  course  of  the  vessels,  or  by  the  actual  formation  of 
30sits.  This  is  actually  a  tuberculous  meningitis.  In 
ase,  it  is  probable  that  each  tubercle  is  formed  by  bacilli 
the  blood  stream,  while  in  the  latter  case,  there  is  local 
the  infection  from  one  area  to  another. 
;sses  are  apt  to  involve  the  base  of  the  brain  more  than 
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,otable  symptoms  point  toward  the  abdominal  cavity.    They 

described  under  the  diseases  of  the  organs  involved. 
'.-joint  Tuberculosis. — This  form  represents  extension  of  the 
Lilous  process  through  the  circulation.  Bacilli  lodging  in  bony 
set  up  a  chronic  tuberculous  process,  of  which  the  clinical 
stations  are  distinctive.  It  will  be  described  under  diseases 
bones  and  joints. 

'^ry  Tubercle  of  the  Brain. — By  similar  extension,  chronic 
ulous  processes  may  be  set  up  in  other  parts  of  the  body.  In 
ca.ses  these  solitary  tubercles  have  no  distinctive  clinical  symp- 
and  foml  only  a  part  of  the  chronic  tuberculosisjof  earlyJUfe. 
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itary  tubercle  of  the  brain,  however,  gives  the  clinical  manifesta- 
is  of  brain  tumor,  and  will  be  described  under  diseases  of  the  brain. 
'kthisis,  or  Chronic  Pulmonary  Tuberculosis,  corresponds  to  the 
:d  stage  of  European  writers,  and  is  usually  recognizable  clinically. 
will  be  described  among  the  diseases  of  the  lungs. 
rtibercuious  Bronchopneumonia,  is  the  commonest  secondary  lesion 
infancy  and  early  childhood.  It  is  usually  clinically  recognizable 
a  bronchopneumonia,  and  will  be  described  under  that  heading. 
Fttberculous  Pleurisy,  is  similarly  clinically  evident  as  a  pleurisy, 
i  will  be  described  under  that  heading. 
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against  it,  except  in  acute  miliary  tuberculosis,  in  some  active 
)(    clinical  tuberculosis,  in  weakly,  poorly  nourished  infants, 
I  measles  and  possibly  in  other  acute  infections. 
;sPiNE*s  Sign  and  Interscapular  Dulness.— As  tuberculosis 

commonest  cause  of  enlargement  of  the  bronchial  lymphnodes 
ly  life,  the  presence  of  d'Espine's  sign  is  of  great  significance 
.gnosis.  Interscapular  dulness  or  low  spinal  dulness  generally 
vith  a  positive  d'Espine's  sign. 

entgen-Ray  Examination. — The  Roentgen  examination,  in 
tperience,  gives  the  most  reliable  information  as  to  enlargement 
e  bronchial  lymphnodes  of  any  diagnostic  method.    In  many 

the  diagnosis  of  chronic  latent  tuberculosis  based  solely  on  the 
^  examination  was  later  confirmed  at  autopsy. 
,e  following  table  gives  the  frequency  of  the  three  important 

of  latent  tuberculosis  in  a  series  of  twenty-five  cases  in  which 
rculosis  was  found  at  autopsy  at  the  Infants'  Hospital: 

Table  53 

Diagnostic  Signs  of  Ike  Chronic  Stage  of  Tubtrculosis  in  Infancy 

CASES  d'esfine  x-bav  von  psquei 


Totals \f       7  ? 


In  general,  the  presence  of  any  of  these  three  signs  is  sufficient 
warrant  a  diagnosis  of  probable  chronic  tuberculosis.  Such  a 
agnosis  is  probable  enough  to  warrant  treating  the  case  as  one  of 
ironic  tuberculosis.  The  presence  of  either  d'Espine's  sign  or  a 
aative  roentgenogram,   makes   the  diagnosis  practically   certain. 
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robably  be  many  years  before  we  have  definite  evidence.    It 
ver,    a  specific  treatment  oEfering  a  theoretical  prospect  of 

a-nd  I  believe  its  employment  in  children  has  been  too  much 
d.       Properly  carried  out,  it  can  do  no  harm,  and  I  believe 
i  be  more  widely  tried. 
jssential  feature  of  the  treatment  is  to  begin  with  very  small 

A  dose  no  larger  than  one  millionth  part  of  a  gramme  of  old 
ilin  should  be  used  to  begin  with  (ygn  milUgramme),  and 
ie  gradually  increased.  The  dose  may  be  increased  by  giving 
rmjch  more  as  the  preceding  dose  at  each  injection.  The 
>ns  should  be  given  twice  a  week.  The  tuberculin  should  be 
vtfell  diluted,  and  in  order  to  avoid  giving  too  concentrated 
■ns  as  the  dose  is  increased,  the  dilution  may  be  kept  constant 
;  following  scheme: 

Table  sS 


Using  1:1,000,000  Solution  of  Tuberculin 

QUANTtTV  OF  TOTAl   QUANTITV 


le  above  scheme  is  then  repeated  using  a  1:100,000  solution  of 
;rculin,  and  is  repeated  a  third  time  with  a  i;io,ooo  solution, 
three  stock  solutions  of  tuberculin  are  made  up  with  sterile 
■nal  saline  solution,  and  the  same  is  used  as  the  diluent. 
1  at  any  time  in  the  course  of  the  treatment,  there  should  be  any 

lie  reaction,  the  same  dose  is  given  at  the  next  injection,  and 
ever  again  appears,  tuberculin  treatment  should  be  given  up. 
the  above  scheme  is  completed,  the  patient  is  taking  tt  milli- 
.mme  at  the  last  dose.  The  next  dose  should  be  i  milligramme 
1  this,  if  not  followed  by  fever,  should  be  repeated  twice  a  week  for 

weeks  more. 

Treatment  op  Acute  Manifestations. — When  a  child  with 
berculosis  develops  fever,  it  is  evidence  of  increased  activity  in 
e  chronic  lesions,  or  of  extension  of  the  process  to  form  one  of  the 
condary  manifestations.  It  is  advisable  to  put  the  child  to  bed, 
jt  the  fresh  air  treatment  should  be  continued.  If  after  several 
eeks,  there  is  no  other  sj-mptom  than  fever,  and  no  evidence  of  any 
Kondary  manifestation,  and  if  the  vigor  of  the  child  has  not  been 
npaired,  it  may  be  allowed  out  of  bed,  and  a  carefully  regulated 
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estatioiis    of  congenital  syphilis.    In  general   the 

divided  into  two  principal  groups: 
Itration. 
)ed  eruption. 

;  infiltration  of  the  skin  is  simply  the  appearance  in 
he  same  process  of  diffuse  cellular  infiltration  which 
Lological  lesion  of  syphilis  in  the  other  organs  of  the 
ly  difference  is  that  the  skin  is  involved  somewhat 
:ourse  of  the  disease.  Clinically  this  tissue-change 
!  as  a  thickening  and  hardening  of  the  skin.  Diffuse 
the  skin  is  a  special  peculiarity  of  congenital  syphilis, 
:en  in  the  acquired  form  of  the  disease. 
s  these  lesions  may  involve  the  skin  of  the  whole  body. 
?ver,  the  lesion  is  confined  to  certain  particular  parts 

The  regions  most  commonly  affected  are  the  face  and 
es,  particularly  the  hands  and  feet. 
:e  the  syphilitic  tissue-changes  lead  to  certain  clinical 
have  always  been  associated  with  the  diagnosis  of  con- 
ilis.  In  the  first  place  there  is  a  peculiar  yellowish 
:  face  which  is  difficult  to  describe.  The  lips  often  lose 
ion  border,  their  color  merging  into  the  pallor  of  the 
in. 

■n  is  particularly  rtiarked  about  the  mouth,  nose,  and 
ne  process  may  be  so  pronounced  as  to  cause  the  skin 
ts  elasticity.  In  such  cases,  wrinkles  and  fissures  appear 
^rts  where  movement  of  the  skin  is  most  active.  This  is 
ot  the  well-known  rhagades,  superficial  or  deep  radiating 
the  lips,  which  constitute  one  of  the  most  important  of 
ta  of  congenital  syphilis.  When  the  entire  face  is  involved 
cellular  infiltration  it  presents  a  peculiar  stiff,  mask-like 
:e. 

i  cases  the  involved  areas  of  the  face  may  show  an  inflamma- 
ening  of  the  skin.  The  inflammatory  process  may  go  fur- 
tducing  a  crusted   eruption  very  simUar  to  impetiginous 

Such  an  eruption  is  seen  most  frequently  about  the  nose 
ith,  but  may  appear  on  the  forehead  or  scalp.  The  crusts 
lly  easily  removed  and  leave  scarcely  reddened  areas  which 
)leed. 

continued  infiltration  of  the  skin  naturally  interferes  with 
rition  of  the  hair.  This  is  the  cause  of  the  alopeda  which 
times  seen  in  congenital  syphilis.  It  may  involve  the  eye- 
eyelids,  and  scalp.  The  syphilitic  alopecia  usually  occupies 
le  front  half  of  the  scalp,  in  marked  contrast  to  the  alopecia 
ordinary  restless  or  rachitic  infant. 
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i.usmg  extreme  pain  on  motion;  (2)  extension  of  the  infiltra- 
\e  muscles,  interfering  completely  with  their  movement; 
tion  of  the  diaphysis  from  the  epiphysis, 
ither  parts  of  the  long  bones  are  affected,  such  as  those 
knees,  shoulders,  wrbts,  or  ankles,  the  chief  clinical  mani- 
beside  psuedo-paralysis  is  diffuse  bony  thickening  near 
5.  These  swellings  are  often  acutely  tender.  Roentgeno- 
the  syphilitic  osteochondritis  give  a  very  characterbtic 
The  line  of  the  epiphysis  is  broadened,  irregular,  and  in- 
Next  to  the  diaphysis  there  is  a  lighter  zone  corresponding 
.-anulation  tissue  which  is  formed  in  this  situation.  Finally 
i  increased  areas  of  shadow  about  the  end  of  the  diaphysis 
nding  to  irregularly  formed  bony  tissue,  while  the  shaft 
ows  a  line  of  bony  thickening  along  the  periosteum. 

F10.14S 


Showing  the  uiickening  of  the  periosteum 

.e  syphilitic  dactylitis  is  another  characteristic  bony  lesion  seen 
rly  life.  This  process  begins  very  gradually  and  does  not  cause 
r  pain  or  interference  with  function.  The  affected  phalanx 
Uy  shows  a  marked  olive  shaped  swelling  in  the  region  of  the 
lie  jomt  or  of  the  proximal  phalanx;  occasionally  the  distal 
langes  are  also  affected.  The  thickening  is  entirely  in  the  peri- 
um,  and  the  joints  and  soft  parts  remain  unaffected.  This  process 
ally  begins  in  early  infancy  and  usually  involves  more  than  one 
lanx.  The  appearance  closely  resembles  that  of  a  tuberculous 
tylitis,  the  chief  differential  point  being  that  the  syphilitic  process 
er  leads  to  suppuration  or  fistula  formation. 
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,  who  lack  vitality,  or  who  have 

,alung  search  should  be  made  for 

syphilis. 

s  snuffles  actually  comes  under 

the  eariy  weeks  of  life,  it  can 

Jiuffles  of  adenoids  or  a  common 

ous,  but  by  no  means  diagnostic. 

;j3athognomonic.    Enlargement  of 

^e,  perhaps,  not  absolutely  diag- 

lien  it  occurs  later,  other  causes 

leukemia. 
t±e  shiny,  glistening  soles  of  the 
stage  of  cellular  infiltration  of 
:»::iot  pathognomonic.    If  in  addi- 
osis  is  certain.    When  the  pro- 
formation  of  a  crusted  eruption, 

rtain. 

hen   typical,   is   unmistakable, 
there  may  be  very  few  lesions, 
forehead  or  upon  one  of  the 
eruption  is  not  actually  ob- 
from  the  history,  its  diagnostic 
<:an  only  be  termed  suspicious, 
es  a  less  tjqjical  form,  as  in 
e  case  falls  into  the  suspicious 
and  dermatitis  must  be  con- 
history  as  to  s)T)hilitic  mani- 
^ch  cases. 


\«»sti-c,t.    of 
the  ear,     .^       ^    's 
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m~  further  laboratory  investigation 

K.ade  as  a  routine  measure.    In  the 

-3on,  while  perhaps  not  absolutely 

3iade.    It  will  give  positive  con- 

rss  of  the  diagnoas,  and  no  purely 

'.y  certain.    If  the  case  is  to  be 

•ratory  diagnoas,  whDe  not  abso- 

"*>le.    But  if  the  case  is  of  such  a 

^.tment  with  salvarsan,  laboratory 

■x^«iy  indicated.    Except  in  a  very 

^  of  amgenilal  sypkUU  skouid  be 

•mce  of  a  positive  Wassemann 


ofalHU^ 


of  the  Wassennann  reaction  is 
S-^  can  only  be  made  with  certainty 
1  reaction,  and  certainty  of  diag- 
*-  -^fc^        of  congenital  syphilis. 

^J* The    technic    of   obtaining    tht 

-*-"^c^:^-,  jn  infants  has  been  described  ir 

^^^c^  »um  is  required.    Sufficient  blood 

*^^^^«_:^a  best  be  obtained  from  the  longi- 

•children  the  blood  can  be  obtained 

ftaiing  a  short  incision  in  the  heel 

reaction  or  complement-fixatior 

for  ordinary  clinical  use.    It  re- 

^^ratory,  and  a  worker  thorougjdj 

"fcere  are  now  laboratories  in  all  th( 


these  li\>ci] 


*ests 


'^*^a., 


~~Value  as-  ■ji—-^  ^^ 
y  Noguclxi,  ^  '^'^^ 
saction  Uj  'jk^^    *^*i 

^  ^  ^  Pe?  "^"^^ 
«sts  were  „u  «::»=^— 
figures  proh^^ir*, 


syphiii 


averj 


-^«-late„?..**^ 


ient  in  number  and  equipment  foi 
^fcich  may  be  required.  When  bloot 
-.    reports  will  be  sent  back  promptly 

^^SERMANN  Test.— According  to  tht 

^^s.t  distinguished  investigator  of  th( 

"-^^try,  a  positive  test  is  obtained  ir 

*^      of  cases.    It  is  probable  that  tlw 

1^,  ^       :Sa  cases  examined  very  early  afta 

ea,rl-y,^*^^-*=>iy  to  congenital  syphilis  as  mani' 

'^^   t^r-     g  J^^^^i^TS  of  childhood.    Noguchi  gives 


per  cent 


staj 


Ke, 


^l«t 


latent  syphilis,  but  this  applies 

•^<:«r  part  of  childhood  congenita 

•^""iaere  are  no  figures  on  the  Wasser 

*^Jiey  probably  lie  between  63  pei 

^^      been  reported  in  rare  instance; 
-^■Vinong  these  diseases  are  yaws. 


£    tJcxi 


cronge: 
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of  congenital 

Tging  lesions 

^<«Dinata  and  from 

<lrop  of  the  sus- 

evenly  with  a 

in  smear  is  then 

'3>  of  blood  is  pre- 

-^^xamined  at  once 

as  glistening, 

a  homogeneous 

depends  mainly 


osis  is  very  \m- 

fuU  term,  are 

^md  vitality,  the 

are  extremely 

nutritional  dis- 

which  broncho- 

;^^rognosis  is  most 

d  who  develop 

:^rp>hilitic  manif es- 

<iiaracter  of  the 
n  the  period  of 
depends  to  a 
mother.    When 
1^  syphilis,  the 
has  had  the  dis- 
^3wn  that  the  ten- 
es  m  the  course 
ive  diminution  in 
at  full  term, 
c  manifestations, 
of  the  disease  at 
ilitic  pemphigus 
signs  are  mainly 
^^^^^i:xounced  cutaneous 
On  the  other 
is  a  pronounced 
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volves  a  somewhat  difl&cult  technic.    These 

^olly  obwated  by  the  use  of  the  lonptudinal 

Sections  in  infancy.    Some  authorities  have 

"technic  is  wholly  safe  in  giving  neosalvarsan. 

l>€  finally  settled,  but  in  my  experience  the 

~     Hnd  convenient. 

^■varsan  should  be  used  in  the  treatment  of 
genital  syphilis.  In  early  life  the  treponema 
"the  visceral  organs,  where  it  produces  great 
S  cause  of  the  serious  prognosis  of  the  disease. 
■*:>J  the  body  from  the  ravages  of  the  invading 
•^  indicated  in  infancy.  In  all  cases  in  which 
»ff  the  patient  or  the-particular  syphilitic  mani- 
^fc.  character  as  to  bring  the  prognoas  into  the 

lent  with  neosalvarsan  should  be  begun  with- 

■*^*«enital  syphilis  in  which  there  is  any  question 
of  salvarsan  treatment,  is  that  in  which  the 
in  the  early  weeks,  the  first  manifestation 
^^^Dmparativdy  late  outbreak  of  the  circmn- 
-S^^n.    In  such  cases  the  prognosis  was  always 
^*rnercurial  treatment,  although  the  complete- 
tie  cure  as  measured  by  the  Wassermann 
than  under  salvarsan  treatment.    How- 
^kjid  permanence  of  cure  under  mercurial 
tve  thoroughness  with  whidi  the  treatment 
^3t  enter  into  con^eiarion.    If  the  drcum- 
"^5  such  that  the  physician  b  in  doubt  as  to 
^^arial  treatment  will  be  thoroughly  carried 
-^cl  salvarsan  treatment  even  in  these  appar- 
^>    on  the  other  hand,  the  phyadan  can  insure 
^^^ment  in  this  type  of  case,  it  is  wisest  not 
^^iit  which  attends  salvarsan  treatment.    The 
'^Snt  in  the  relap^g  stage  of  the  disease  also 
-~%:s  of  thorough  mercurial  treatment.    This 
■^Srable  to  treatment  with  mercury  properly 


Ss  of  the  late  syphilis  of  childhood,  the  treat- 
pkotassium.    Only  when  some  leaon  proves 
tiiis  treatment,  or  when  there  is  a  lesion  in 
f^aten  life,  is  neosalvarsan  indicated. 
^^'V'"AKSAN. — Except  in  the  newborn,  the  routine 
^    ^-*T  intravenous  administration  in  infancy  is 
^^''Iwm  it  is  from  0.03  to  0.05"  gramme  according 
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